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HISTORICAL INTRODUCTION. 


THE determination of the ignition temperature of detonating 
gas has formed the subject of a number of experimental investiga- 
tions.t In general, one of two methods was employed. Either 
the gas was enclosed in a sealed bulb and plunged into a bath of 
known temperature, or it was passed through a tube which was 
heated from without to a definite temperature. By means of the 
former method, V. Meyer, first with Krause and later with 
Askenasy, found the ignition temperature (absolute) of pure 
detonating gas to lie between 791° and 879° (or 518°-606° C.), 
whereas Emich obtained a fairly constant result of 862° (or 589° 
C.). For mixtures containing an excess of oxygen up to 80.4 
percent., Emich found 844°-881° (or 571°-608° C.) and with an 
excess of hydrogen up to 67.7 per cent. 848°-880° (or 575°-607° 
C.). A number of the values found for the mixture 2H,+0O, by 
the use of the second method are as follows: 


! Mallard et Le Chatelier: Compt. rend. 91, 825; Bull. soc. chim. 39, 2; 
Helier: Ann. chim. phys. [7] 10, 521; Gautier et Helier: Compt. rend. 122, 
566; V. Meyer und Krause: Ann. 264, 85; V. Meyer und Askenasy: Ibid. 
269, 49; V. Meyer und Freyer: Ber. 25, 622; V. Meyer und Raum: Ibid. 28, 
2804; Mitscherlich: Ibid. 26, 163; Bodenstein: Z. physik. Chem. 29, 665; 


Emrich: Monatsh. 21, 1061; and others. 
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Mallard and Le Chatelier. ........... 823° (or 550° C.) 
Bodenstein (or 653°-710° C.) 
Mitscherlich (or 674° C.) 
V. Meyer and Freyer (or 700° C. ) 
Gautier and Helier (or 840° C.) 
Helier (or 845° C.) 

The results obtained by these methods differ greatly, owing 
to the uncertain method of heating the gas, to the catalytic action 
of the walls of the vessel, and to the possibility of some combina- 
tion taking place before ignition. A more detailed discussion 
will be gone into later in connection with some new experimental 


data. 


THEORY. 

With regard to the question of ignition temperatures, Professor 
Nernst gave me the following suggestions: 

‘‘Let us consider a given mass of inflammable gas of uniform 
temperature, the catalytic action of the containing walls being 
eliminated, as for example in the manner shown in the experi- 
mental portion of this paper. The ignition temperature is defined 


as the temperature at which the gas would ignite if left entirely 
to itself for some time. 

‘‘The temperature of the gas will rise on account of the heat of 
reaction. On the other hand, the cooling of the gas will tend to 
neutralize this rise. Considering unit volume in the interior of 
the gaseous mass, from the law of mass action, the heat evolved 
would be 

Q, = gkC,""C," 
while the heat given off by conduction and radiation would be 
Q, =a(T—T,) +8(T—T,)*,? 
where gis the heat of reaction, k the specific reaction-velocity, 
C,, C, the concentrations of the reacting substances, T the tem- 
perature of the gas and T, that of the surroundings. For the igni- 
tion temperature to be reached Q,>Q,. If the volume of gas is 
very large, the particles in the inner portions would not lose an 
appreciable amount of heat, and the larger the volume the lower 
would be its ignition temperature. In the latter case, the time 
required for actual ignition would also be increased. In other 
words, an inflammable gas of infinitely large volume would ignite 
spontaneously, independently of the lowness of its initial tem- 
perature, although only after a great interval of time. If the 
1 See Nernst: Physik. Z. 5, 777 (1904). 
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gas occupies a finite moderate volume, cooling by conduction 
and radiation would proceed very rapidly, and consequently the 
heat of reaction per unit volume must be large in order to cause 
ignition. If Q, is greater than Q, by not too small an amount, 
the temperature of the gas would rise rapidly under these con- 
ditions. Consequently the ignition temperature would be higher 
the smaller the volume of the gas, and also the time required for 
ignition to take place would be less. 

“Without developing these views further, attention may be 
called to the important fact that Q, increases with much greater 
rapidity than Q, with increase in temperature. This leads to the 
conclusion that with a small mass of gas the ignition temperature 
increases only slightly with decrease in volume, and that an in- 
crease in the initial pressure of the gas, acting evidently in 
the same manner as increasing the initial volume, would exert 
only a small influence on the ignition temperature.”’ 

The preceding views are confirmed by the experiments to be 
described in the following pages. 

In order to overcome the objections to the methods used hereto- 


fore in determining the ignition temperatures of gaseous mixtures, 
Professor Nernst suggested developing the heat necessary to 
ignite the gas by the adiabatic compression of the gas itself. This 
investigation was undertaken to determine the practicability of 
this method. 


DESCRIPTION OF APPARATUS. 


In order to heat the gas whose ignition temperature was to be de- 
termined, it was necessary to enclose it in a small vessel supplied 
with a device for allowing the gas to be compressed instantaneously. 
Two pieces of apparatus were constructed on the same plan, but 
of different sizes.1 A section vertically through the center is 
shown in the figure. A steel cylinder, AA. was screwed into a 
wrought iron plate, LL, so as to fit absolutely air-tight. The 
piston head B fitted closely into the cylinder AA. The piston 
rod CC was made a little narrower (about 2mm.) than B. The 
piston head together with the piston rod was made of one piece 
of steel. It was topped by an iron plate. D. screwed on to the 
piston rod. In order to have the piston head slide into the cylinder 


1 I wish to take this opportunity of thanking Mr. Schliiter for his ad- 
vice and assistance in planning and constructing the apparatus, and Mr. 
Schlicht for his great aid in carrying out the experiments. 
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and at the same time permit no leakage, three circular grooves 
each 1 mm. wide and 1 mm. deep were cut into the former and 
wound with hemp. The cylinder was filled with the gas to be 
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studied through E, a brass tube 5 mm. in diameter soldered to the 
cylinder. The compression was obtained after enclosing the gas 
in the cylinder and pushing the piston down below the opening 
E so as to shut off access to the air by allowing a weight to fall 
on the plate D. By increasing the size of the weight and the 
distance of its fall, as great a compression, and consequently as 
high a temperature as was desired, could be obtained. A brass 
ring, 1 cm. in width, was fitted on the piston rod so that it could 
be moved up and down only by the use of some force. This 
served to show the smallest volume of gas in the cylinder during 
a compression, as the ring was pushed up by the walls of the 
cylinder as the piston descended, and then remained fixed in 
position when the piston moved upward again, thus indicating 
the lowest point reached by the piston. Knowing the dimensions 
of the apparatus, the volume reached by the compression could 
then be calculated. Lanoline was found to be the best lubricant 
for the piston, and was used throughout this work. 

The dimensions were as follows: 

Apparatus I.—Length of cylinder, AA, 20.82 cm.; inner diam- 
eter of cylinder, 2.50 cm. ; thickness of walls of cylinder, 0.51 cm.; 
distance from lower inner edge of inlet tube to bottom of cylinder, 
14.22 cm.; thickness of wrought iron plate, LL, 3.24 cm.; thick- 
ness of wrought iron plate directly beneath the cylinder, 1.22 cm.; 
diameter of piston head, 2.50 cm.; length of piston (including 
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piston head and piston rod), 26.04 cm.; thickness of upper plate, 
D, 2.30 cm. The plate LL was firmly bolted to a heavy board. 

69.8 cc. gas measured at atmospheric pressure were used in 
each experiment with this apparatus. To effect the compression 
a weight of 25 kg. was used, and the height which it was allowed 
to fall varied. from 48 to 86 cm. 

Apparatus IT.—Length of cylinder, AA, 23.06 cm. ; inner diam- 
eter of cylinder, 4.40 cm. ; thickness of walls of cylinder, 0.73 cm. ; 
distance from lower inner edge of inlet tube to bottom of cylinder, 
18.67 cm.; thickness of wrought iron plate, LL, 4.95 cm.; thick- 
ness of wrought iron plate directly beneath the cylinder, 1.02 cm.; 
diameter of piston head, 4.40 cm.; length of piston (including 
piston head and piston rod), 26.25 cm.; thickness of upper plate, 
D, 1.97 cm. The upper plate was fastened by means of two 
chains to a heavy iron plate on which the apparatus was placed 
so as to prevent the piston from flying out of the cylinder after 
an explosion. 

283.9 cc. gaS measured at atmospheric pressure were used here 
in each experiment. A 38 kg. weight was dropped a distance 
varying from go to 130 cm. 

The following test will serve to show how air-tight apparatus 
II was. The piston was pushed past the inlet tube, allowed to 
come to rest, and the distance from the top of the upper plate to 
the floor measured. A 25 kg. weight was then placed on the 
upper plate, the air in the cylinder being compressed to a smaller 
volume. If the piston did not fit in the cylinder so as to be air- 
tight, the air within, being under pressure, would be forced out 
between the piston and the cylinder. From time to time the 
weight was removed and the piston pushed back to its original 
position by the compressed air within. The distance from the 
top to the floor was measured each time. In the following table 
h represents these distances and ¢ the intervals of time in minutes 
from the beginning of the test to the successive removals of the 
weight. 

In eight hours the height decreased 1.09 cm. or the volume 
16.6 cc. As in the ignition experiments 283.9 cc. gas measured 
at the ordinary pressure were present. Apparatus I was not 
quite as tight as this, but it may safely be assumed that there was 
no escape of gas during the rapid compression which was used to 
cause ignition. 








h (cm). ¢ (minutes). 
39.69 ° 
39.58 25 
39.66 70 
39.40 120 
39-27 155 
39.18 190 
38.80 315 
38.74 : 440 
38.60 480 

In the experiments to be described, only mixtures of hydrogen 
and oxygen were studied. These were obtained by the elec- 
trolysis of a 10 per cent. solution of caustic soda’ by means of a 
current having a potential of 110 volts, sufficient resistance being 
put in the circuit to give a density of about 3 amperes. The 
electrodes were made of nickel. For the mixture 2H,+0O,; one 
cell was taken. For mixtures containing more hydrogen or more 
oxygen, U-tubes were put in series with the first cell, and the gas 
tequired taken from the corresponding arm of the U-tube. In 
this way by using the right number of cells, the following mixtures 
were obtained: 4H,+0,, 2H,+0,, H,+0,, H,+20,, H,+40,. 

The gas was evolved only when required. The glass tubes 
through which it was necessary to pass the gas were connected 
by means of thick rubber tubing. In order to have comparable 
conditions under which to determine the ignition temperatures 
of the different mixtures, it was decided to saturate the gas in all 
cases with water vapor at the ordinary temperature. This was 
done by allowing it to bubble through two or three small wash- 
bottles filled with water. 

METHOD OF EXPERIMENTING. 

The method of making a determination was as follows: The 
mixture to be ignited was led into the cylinder by means of a 
thin rubber tube which passed through the inlet tube, reaching 
to the bottom of the cylinder. This rubber tube was connected 
to the glass tube coming from the generating cells right at the edge 
of the inlet tube. The piston was clamped in position so that the 
lower edge of the piston head was just above the opening of the 
inlet tube in the cylinder. In this way the gas was run into the 
bottom of the cylinder, the displaced air passing out through the 
inlet tube around the rubber tubing. Owing to the diffusion 
which was bound to take place the gas was passed in for an hour 
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before each experiment.’ After the air had been displaced and 
the required mixture was present in the cylinder, the rubber tube 
was withdrawn rapidly, and the piston pushed down past the 
opening of the inlet tube. The mixture was now confined in the 
cylinder. The distance from the top of the cylinder to the ground 
was then measured. This was accomplished in apparatus I by 
means of a pointer fastened to the plate D which marked its 
height on a blackened plate clamped in position, and in apparatus 
II by measuring directly the distance from the top of the plate 
D to the upper edge of the lower plate LL. Knowing the dimen- 
sions of the apparatus, the height h, of the volume of gas enclosed 
in the cylinder was known. The weight was then allowed to fall 
on the piston, causing a sudden compression of the gas within. 
The gas was heated in this way to its ignition point, and as soon 
as this was reached, exploded. The force of the explosion was 
great enough to stop the downward motion of the piston, even 
when the kinetic energy supplied by the weight was not entirely 
exhausted.? This was shown most plainly by means of apparatus 
I with the mixture 2H,+O, where the same results were obtained 
independently of the height from which the weight fell. From 
the movable brass ring on the piston rod, already described, the 
height h, of the volume of gas at the moment of explosion was 
determined. Owing to the high temperature attained by the 
explosion, some of the lanoline was invariably decomposed. 
This did not interfere with the determinations as it was only 
desired to obtain the ignition temperature. There was never 
any decomposition when no explosion had taken place, although 
in some cases the ignition temperature was almost reached. The 
initial temperature of the gas was taken to be that of the room 
temperature. The initial pressure of the gas was always greater 
than one atmosphere. Since, in pushing the piston past the 
inlet tube, the compression began when the piston passed the 
lower edge of the inlet tube, the distance from this lower edge 

1 A number of experiments in which the gas had been led into the cyl- 
inder three to four hours gave no different results. 

The terrific force of the explosion can perhaps be better appreciated 
from the fact that in apparatus I, in an early experiment with the mixture 
2H, + 0,, a piece was blown out of the cast-iron base plate ZZ 0.5 cm. in 
thickness. The plate was then made of wrought iron and thicker. In ap- 
paratus II, where a larger amount of gas was used, the weight (38 kg.) was 
hurled to a height of 60 to 80 cm. by every explosion. 
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to the bottom of the cylinder divided by h, would be the initial 
pressure in atmospheres. For apparatus I we have 14.22/h, and 
for apparatus II 18.67/h,. 

METHOD OF CALCULATING. 

In the experiments recorded in the following pages, h, rep- 
resents the initial height in centimeters of the volume of the 
mixture under examination. 

h,, the final height in centimeters of the volume of the mixture, 
that is, at the ignition point. 

T,, the initial temperature (absolute) of the mixture. 

T,, the ignition temperature (absolute). 

p, the initial pressure of the gas in atmospheres. 

p,, the pressure of the gas in atmospheres at the ignition tem- 
perature. 

I, the distance in centimeters the weight fell (only used with 
apparatus I for the mixture 2H,+O,). 

The values h,, h,, T,, and p, were obtained directly from the 
experiments. To calculate T, and p, the equation for adiabatic 
changes 


fe=(2)"“ana (8) 


1 2 1 


were made use of. 
Since the diameters of the cylinders were constant, by sub- 
stituting h, for v, and h, for v, we have 
F=(B) ana =(0)" 
1 = 1 2 
For k, the ratio of the specific heats of the gases at constant 
pressure and constant volume, 1.4 was taken. There are no data 
which define this value accurately under the necessary con- 
ditions. The ignition temperatures did not exceed 600°C. in most 
cases, and although a small decrease in k has been observed at 
this temperature, the increase in pressure in the present experi- 
ments may compensate this, as & increases slightly with the 
pressure. At any rate, all the determinations are affected equally, 
and if in future a more exact value for k is found, the correction 
of the data here presented would be a simple matter. The 
equations therefore reduce to 
log T,=log T,+0.4 (log h,—log h,) 
and 
log p,=log p,+1.4 (log h,—log h,). 
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The measurements were made with a steel measuring rod 
carrying a vernier, so that direct readings to a tenth of a millimeter 
could be made. 

Perhaps the source of greatest inaccuracy lay in the reading 
of the final height h, of the gas. With apparatus I a difference 
in reading of 0.1 mm. of this height would produce a difference of 
5° to 6° in the ignition temperature T,, while with apparatus II, 
o.1 mm. difference in h, would mean 3° difference in T,,. 

EXPERIMENTAL RESULTS. 

The results obtained are shown in the following tables: first 
for apparatus I for the mixtures: 4H,+0O,, Table 1; 2H,+0,, 
Table I1; H,+0O,, Table III; and then for apparatus II for the 
mixtures: 4H,+0,, Table IV; 2H,+0,, Table V; H,+0O,, Table 
VI; H,+20,, Table VII; H,+40,, Table VIII. 

The average values of T, and of p,/p, are also given for each 
series of determinations. 


TABLE I. 
4H, + O,. Apparatus I. 
hy (cm.). hg (cm.). pf, (atm.). fo (atm.). Ty (abs.). Te (abs.). polpr. 


10.78 0.66 1.92 65.9 293. 896. 49.9 
10.48 0.70 1.36 60.0 291. 859. 44.1 
8.78 0.52 1.62 84.7 293. go8. 52.3 
8.60 0.64 1.65 62.8 294. 831. 38.1 
Average, 874. 46.1 

TABLE II. 


2H, + O,. Apparatus I. 
hy (cm.). Ao (em.). J2Z(em.). £; (atm.). fo(atm.). Ty (abs.). Te, (abs.). Polpr. 
8.86 0.74 48.1 1.61 51.9 292. 788. 44.2 
8.55 OnE, casacs 1.66 70.2 293. 854. 42.3 
8.51 0.59 63.2 1.67 70.1 293. 852. 42.0 
8.17 0.62 63.2 1.74 64.3 293. 822. 37.0 
8.05 G50), cccees 1.77 68.6 293. 833. 38.8 
7.74 0.57 67.2 1.84 70.8 290. 823. 38.5 
7.60 0.59 52.7 1.87 68.6 292. 809. 36.7 
7.24 0.63 63.2 1.96 59.9 293. 778. 30.6 


7.12 Ose cease 2.00 66.8 293. 799- 33-4 
6.88 0.54 67.8 2.07 72.9 293. Sir. 35.2 
6.57 0.56 86.0 2.16 68.0 293. 785. 3t.5 


6.53 0.46 67.8 2.18 89.3 292. 844. 41.0 
6.30 0.55 74.7 2.26 68.5 290. 769. 30.3 
6.16 0.56 Re 9 66.3 295. 770. 28.7 
5.91 0.44 "63.2 2.38 91.7 293. 828. 38.5 
4.78 0.38 63.2 2.98 103.0 293. 807. 43-5 


Average, 811. 
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TABLE III. 

H, + O,. Apparatus I. ~ 
pi (atm.). fo (atm.). Ty (abs.). 
1.36 44.9 290. 
1.43 49.6 290. 
2.18 60.2 290. 
2.26 80.6 290. 


Average, 786. 


To (abs:). 
788. 
800. 
749. 
805. 


hy (cm.). he (cm.). 
10.47 0.86 
9.98 0.79 
6.54 0.61 
6.29 0.49 


TABLE IV. 

4H, + O,. Apparatus II. 

p; (atm.). po (atm.). Ty (abs.). 
1.25 57-4 293- 
1.26 54.9 297. 
1.26 58.2 294. 
1.39 72.2 296. 
1.48 76.8 296. 
1.74 86.2 296. 


Te (abs.). 
874. 
873. 
878. 
915. 
913. 
go2. 


hy (cm.). 
0.97 
1.00 
0.96 
0.80 
9.75 
0.66 


hy (cm.). 
14.91 
14.82 
14.81 
13.45 
12.58 
10.71 


Average, 893. 
TABLE V. 

2H, + O,. Apparatus II. 

fp, (atm.). po (atm.). Ty (abs.). 
1.24 40.9 293. 
1.24 44.3 292. 
1.24 50.9 293. 
1.24 49.6 293. 
1.27 44.5 293. 
1.27 47.2 293. 
1.31 52.5 293. 
1.35 46.7 293. 
1.36 49.1 293. 
1.47 50.8 293. 
151 58.1 291. 
1.53 57-0 293- 
1.61 58.5 291. 
2.01 75.1 292. 


Te (abs.). 
796. 
811. 
847. 
840. 
809. 
823. 
841. 
807. 
817. 
805. 
825. 
823. 
812. 
822. 


Average, 819. 


hg (cm.). 
1.24 
P57 
1.06 
1.08 
1.16 
1D 
1.02 
1.10 
1.06 
1.01 
0.91 
0.92 
0.89 
0.70 


TABLE VI. 
H, + O,. Apparatus II. 


fi (atm.). fo (atm.). Ty (abs.). Ty. (abs.). 


he (cm.). 


1.24 
.28 
.24 
S17 
221 
<2 


97 


1.25 
1225 
1.30 
1.34 
1.37 
1.39 
1.56 


40.8 
39.0 
40.1 
43.0 
40.7 
45.0 
52.6 


799- 
791. 
789. 
797- 
786. 
" 799. 
808. 


Average, 796. 


295. 
296. 
296. 
296. 
298. 
296. 
296. 
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TABLE VII. 
H, + 20,. Apparatus IT. 
hg(cm.). ~;(atm.). fo (atm.). TT, (abs.). Te (abs.). 
1.16 1.30 44.0 206. 809. 
1.15 1.32 44.3 299. 816. 
1.19 5.35 41.9 299. 798. 
1.06 1.42 48.3 294. S06. 
1.05 1.42 48.8 296. 812. 
1.05 1.47 48.2 296. 802. 
1.00 1.54 50.6 296. 803. 
0.93 1.58 55-5 296. 818. 


Average, 808. 
TABLE VIII. 
H, + 40). Apparatus II. 
hy (cm.). e(cm.). p; (atm.). fo(atm.). Ty, (abs.). Te (abs.). poh. 
15.05 1.09 1.24 49.0 296. 846. 39.5 
13.83 1.00 1.35 53-4 296. 848. 39.6 
13.63 0.98 E37 54.6 296. 848. 39.9 
12.79 0.93 1.46 57-3 296. 845. 39.3 
12.43 0.87 1.50 60.8 296. 858. 40.5 


Average, 849. 39.8 

Whether the rise in temperature produced by the adiabatic 
compression is the only source of heat entering into question in 
these experiments may be answered affirmatively. The com- 
pression is so rapid that there is no chance for radiation to the 
walls of the vessel. There is no heat developed by friction 
which could affect the mixture, for even if the sliding of the pis- 
ton in the cylinder would produce such heat, it would not be in 
contact with the enclosed volume of gas. 


DISCUSSION OF RESULTS. 


The ignition temperatures (absolute) obtained for the different 
mixtures are as follows: 


Apparatus I. Apparatus ITI. 
893. 
819. 


796. 
808, 


849. 

The pressures at which these temperatures were determined 
were all greater than 39 atmospheres. It is evident from the 
tables that differences in pressure over 39 atmospheres produce 
no appreciable difference in the ignition temperatures. 
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The effect of the initial temperatures on the inflammability is 
of great interest. Direct experimental values for the ignition 
temperatures of the different mixtures when the initial tem- 
peratures were higher than the room temperature could not be 
obtained, because the lanoline used to insure the tightness of the 
apparatus as well as to act as lubricant, melted, thus permitting 
leakage between the piston and the cylinder. No other lubricant 
could be found to answer the purpose at these higher temperatures, 

A little consideration will show, however, that the effect of 
changing the initial temperature is included in the data given. 
Let us take the state of affairs in an experiment at the instant 
when the piston in descending reaches a point half way between 
the starting point and the bottom of the cylinder. At this 
moment h,=4 h, and 

log T,=log T,+0.4 (log h,—log 4 h,) 
=log T,+0.12041. 

If T,=290°, T, would be equal to 383°. 

We can now consider this value of T, as the initial temperature 
of the mixture, which, on being further adiabatically compressed, 
explodes when the ignition temperature is reached. This is 
evidently the same ignition temperature which was found when 
the experiment was considered as starting from the room tem- 
perature. This method of treating the problem is permissible 
since the only other factor which changes during an experiment is 
the pressure and this, as we have seen, does not influence the 
ignition temperature under the given conditions. In a similar 
manner, by dividing a single experiment into an infinite number 
of separate ones in which T, (the initial temperature) is succes- 
sively increased by a small amount, the initial temperatures of all 
the mixtures can be considered to be varied from the ordinary 
up to the ignition temperature. 

We can sum up briefly by stating that, from the experimental 
results obtained, the ignition temperature is independent of the 
final pressure of the gas for pressures greater than 39 atmospheres 
(this was the least pressure at which the ignition temperature was 
determined ; this constancy probably extends to pressures much 
less than this), and that the ignition temperature under the con- 
ditions described is entirely independent of the initial tempera- 
ture of the gas. It must be borne in mind that the values for p,/p, 
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do change, depending on the initial temperatures. Those given 
in the tables refer simply to the cases in which the gas was at the 
room temperature when p, was measured. 


Considering the difference in size between apparatus I and II 
the agreement in the ignition temperatures is as close as could be 
expected. Perhaps the values obtained by means of apparatus 
II are the more accurate, as here a larger volume of gas was used, 
and the errors arising from the measurements play a smaller part. 
The discussion of the results will therefore be limited to the ex- 
perimental values obtained with this apparatus. 


The ignition temperature of the mixture H,+ 0, lies lower than 
that of any of the other mixtures studied. This minimum in 
temperature, corresponding to a maximum affinity, is shown 
most clearly by means of the accompanying curve in which the 
relative volumes of hydrogen and oxygen in the different mixtures 
are plotted as abscissae and the temperatures of ignition as 
ordinates. The most evident explanation for this is, that in the 
combination of hydrogen and oxygen, the first product formed 
is hydrogen peroxide which may or may not be then decomposed, 
the conditions determining how complete this second reaction is. 
This theory is not new but up to the present has lacked experi- 
mental verification. It was first put forward by Mendeléeff:' 
‘“...it may be admitted that, in the combination of hydrogen 
with oxygen, hydrogen peroxide is first formed (equal volumes 
of hydrogen and oxygen) which is decomposed by the heat evolved 
into water and oxygen. ‘This explains the presence of traces of 
hydrogen peroxide in almost all cases of the combustion or oxida- 
tion of hydrogenous substances, for it cannot be supposed that 
water is first formed and then the peroxide of hydrogen, because 
up to now such a reaction has not been observed, while the 
formation of H,O from H,O, is very easily reproduced.” The 

1 This extract is from ‘‘The Principles of Chemistry,’’ by Mendeléeff, 
the English translation of the sixth Russian edition, Vol. I, page 312. The 
foot-note on the same page states: ‘‘This opinion which I have always held 
(since the first editions of this work), as to the primary origin of hydrogen 
peroxide and of the formation of water by means of its decomposition, has 
in later days become more generally accepted, thanks more especially to 
the work of Traube . . . . perhaps the theory of the explosion of det- 
onating gas itself and of the combustion of hydrogen will gain in clearness 
and truth, and we take into consideration the preliminary formation of 
hydrogen peroxide and its decomposition.” 
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experimental work of Traube* and more recently that of Engler? 
have done much to forward this view. 

Emich® in an article published in 1897 described a series of 
experiments in which he determined the length of spark (by 
measuring the distance between two electrodes) which would just 
ignite mixtures containing varying amounts of hydrogen and 
oxygen. He found the greatest inflammability (the inflamma- 
bility varying inversely as the spark length) with the mixture 
containing equal volumes of hydrogen and oxygen. On diluting 
this mixture with hydrogen and then with oxygen, he found that 
twice as much oxygen was required to cause the same increase in 


T: 


Z90° 
10otmH, SO*%K GOH 403H. ZO0O%H, ODM 


0% 0, 20%0, 40%0,  60%0, 80%0,  00%0, 


spark length as hydrogen, or that beginning with the mixture of 
greatest inflammability—H,+O,—and adding equal volumes 
first of oxygen and then of hydrogen, the inflammability of the 
resulting mixture was decreased twice as much by the hydrogen 

1 Traube: Ber. 15, 657; 16, 1201; 18, 1881; 22, 1496; 26, 1471. 

2 Engler and Weissberg: ‘‘Vorgange der Autoxydation.”’ 

3 Emich: Monatsh. 18, 6. 
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as by the oxygen. As will be seen from the figures on page 1527, 
the same result was obtained in this work, the ignition tempera- 
ture being increased approximately twice as much by the addition 
of hydrogen as by the addition of the same volume of oxygen, begin- 
ning with the mixture having the lowest ignition temperature— 
H,O,. Emich speaks of the probability of the primary formation 
of hydrogen peroxide, but in a second paper’ he appears to have 
abandoned this view as the result of having determined directly 
the ignition temperatures of the different mixtures by enclosing 
them in sealed bulbs and plunging them into baths of known 
temperature. He found very little difference in the ignition 
temperatures of the mixtures and concluded that there was no 
simple relation between this temperature and the thickness of the 
gaseous layer which could just be ignited byaspark. Mention may 
be made of some of the other relationsfound by Emich. The pres- 
ence of moisture had no influence on the spark length necessary for 
ignition. When inert gases such as nitrogen or carbon dioxide 
were added, the inflammability depended solely upon the partial 
pressures of the hydrogen and the oxygen present. 

The work here described shows that ignition temperature and 
inflammability as measured by Emich do bear a simple relation 
to each other, and are in fact inversely proportional. 

In comparing the results by the method described in this paper 
with the results obtained by other methods, the ignition tempera- 
ture of detonating gas only can be discussed. The temperature 
found in this work is 819°. V. Meyer and co-workers found it to 
lie between 791° and 879° while Emich found 862° by enclosing 
the gas in sealed vessels and plunging them into baths of known 
temperature. Here evidently the whole mass of gas was not 
heated to the ignition temperature simultaneously. The heat 
passing through the walls of the vessel would cause catalytic 
action on the inner surface first, and in the time which, although 
perhaps very short, it would take the whole mass of gas to reach 
the required temperature, a certain amount of combination would 
have taken place. The water which is formed in this way, 
diffusing into the interior, might also affect the reaction. The 
pressure in the vessel would be diminished, perhaps below atmos- 
pheric pressure, the expansion due to the heating acting in the 
opposite direction. From the theory of the ignition temperature 

1 Emich: Monatsh. 21, 1061. 
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developed by Professor Nernst, decrease in pressure would mean a 
slightly higher ignition temperature. Here we have a con- 
siderably higher ignition temperature. The amount of combina-. 
tion before ignition in these experiments is very indefinite, and 
the condition of the gas at the moment of explosion is entirely 
undetermined. 

With regard to the ignition temperature as determined by 
passing the gas through a tube heated to a known temperature, 
Mallard and LeChatelier found an average of 823°. Other in- 
vestigators obtained much higher values than this, due doubtless 
to the fact that the gas did not reach the temperature of the tube 
when less heat was employed in their determinations. Catalytic 
action and combination before ignition must act in these experi- 
ments as well, while the gas would be under atmospheric pressure 
all the time. The result found agrees very well with the result 
obtained here, a slightly higher temperature being found as the 
theory requires. It is surprising that the catalytic action of the 
walls has so slight an influence on the ignition temperature. 

From the theoretical considerations, these ignition tempera- 


tures apply only to moderate volumes of gas, such as are generally 
worked with in the laboratory. With very minute or very large 
volumes, other conditions obtain, as shown in the theoretical 


portion of this paper. 
THE EXPLOSION WAVE. 


In order to produce an explosion wave, a gaseous mixture must 
be heated to a definite temperature, a constant velocity of prop- 
agation of the chemical reaction being then attained. In the 
explosion wave this temperature results from the progressive 
adiabatic compression of the gas, the velocity of the wave being 
constant when a certain compression and, consequently a certain 
temperature, is reached.’ The absolute final compression for any 
gaseous mixture need not be a constant; only the ratio of the 
final to the initial pressures should be. 

1 This theory of the explosion wave was first put forward by Mallard and 
Le Chatelier; Recherches expérimentales et théoriques sur la combustion 
des mélanges gaseux et explosives, Ann. mines—September to December, 
1883. Recently the fact that the explosion wave is purely a hydrodynamical 
phenomenon has been clearly set forth by Nernst: ‘‘Physikalischchemische 
Betrachtungen iiber den Verbrennungsprogess in den Gasmotoren,”’ pages 


21-31. 
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In the work described in this paper, the ignition temperatures 
were reached by adiabatic compression. We have practically 
the phenomenon of the explosion wave in this compression, 
chemical action being produced by the rise in temperature brought 
about by adiabatic compression. We should then expect p,/p, to 
be constant for any one mixture. This is found to be approxi- 
mately the case from the tables on pages 19-22. The average 
values for p,/p, are given here. 


Apparatus I. Apparatus II. 
48.2 


36.9 
31.8 
33-5 
39.8 


The mathematical theory of the explosion wave has been — 
worked out by E. Jouquet in very complete form.’ It is im- 
possible to give even a general account of this interesting work 
here. His calculations of the velocity of the explosion wave fora 
number of reactions agree remarkably closely with the values 
found by Berthelot and by Dixon, especially when the approximate 


nature of some of the data which he was forced to use is taken into 
account. He also shows just how near the formulas of Berthelot 
and of Dixon for calculating these velocities approach the true 
ones, and why ‘the results calculated from these agree in many 
cases with the experimental values.’ 

Some of the calculations of Jouquet may perhaps be applied 
directly to the results here obtained. He puts forward two 
hypotheses with regard to the actual combination of the gases 
in the mixtures: first, ‘‘la combustion est nulle dans la quasi-onde 
de choc,” and secondly; ‘‘cette combustion est notable.” Not 
to enter into details, it may be stated that for the mixture 2H,+O,, 
p,/p, would be equal to 34.29 in the former case, and to 17.15 in the 
latter. Jouquet states expressly that this is true only after the 
wave has been set up and is moving with constant velocity, and 
not during the period of its formation. Perhaps he referred to 
the usual manner of setting up an explosion wave by slow pre- 
liminary combustion, and not to the method here described. At 

1 KE. Jouquet: ‘‘Sur la propagation des réactions chimiques dans les gaz,”’ 


J. mathémat. 1905, 347, and 1906, 5. 
? Second paper, page 76. 
* Second paper, page 80. 
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any rate the value found experimentally is 36.6 which is very 

close to the value deduced by Jouquet from the first hypothesis, 
In conclusion, I wish to express my thanks to Professor Nernst 

at whose suggestion this investigation was undertaken, for his 

interest and encouragement throughout the course of the work. 
BERLIN, August, 1906. 


THE POLARIZATION CAPACITY OF IRON AND ITS BEAR. 
ING ON PASSIVITY.' 
By C. MCCHEYNE GORDON AND FRIEND E, CLARK. 
Received August 29, 1906. 

THIS paper contains an account of some measurements of the 
polarization capacities of iron electrodes. It was expected that a 
comparison of the capacity values in a number of different solu- 
tions would give some evidence for or against the oxide film 
explanation of passivity. As will be set forth below, the results 
found lead us to the conclusion that the oxide film theory is after 
all the correct explanation. 

Finkelstein? measured the polarization capacity of iron in 
concentrated nitric acid by the same method that we have em- 
ployed, with the same end in view, but came to the opposite 
conclusion. On the whole his capacity measurements, however, 
were not necessarily in conflict with the film theory, his main 
reasons for rejecting this theory being based on his measurements 
of the potentials of iron. 

The method is that first used by Gordon,’ at the suggestion of 
Nernst,‘ and later by Scott® and others in Nernst’s laboratory. 
It is a comparison of the electrode capacity with that of a metallic 
condenser in the Wheatstone bridge, with a telephone receiver 
as the zero instrument. In most cases the method gives a sharp 
telephone minimum only for small measuring currents, near the 
limit of audibility of the telephone. In series with the metallic 
condenser it is necessary to have a variable resistance, in order 
to balance the resistance of the electrolyte, which is in series 

1 Presented in abstract at the Ithaca Meeting of the American Chemical 
Society. 

2 Z. physik. Chem. 39, 91 (1902). 

3 Gordon: Z. Elektrochemi. 3, 153 (1896); Wied. Ann. 61, 1 (1897). 


* Nernst: Z. physik. Chem. 14, 622 (1894). 
5 Scott: Wied. Ann. 67, 388 (1899). 
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with the capacity of the electrodes. In some cases it is necessary 
to have a resistance also in parallel with the metal condenser, asa 
balance for the conductance in parallel with the electrode capacity ; 
with some electrodes this parallel resistance is unnecessary. In 
the interpretation of the results of this paper, this parallel re- 
sistance is of special importance. 

It has always been considered that the capacities given by 
this method may be either real electrostatic capacities, due to a 
high resisting film on the electrode, or only apparent capacities 
due to the changing of the electrode potential, resulting from 
concentration changes either in the solutions or electrodes. 
Aluminium, previously subjected to anodic polarization, affords 
a typical example of the first case, while mercury and platinum 
have been regarded as giving capacities due to concentration 
changes. The latter metals do not require any resistance parallel 
to the condenser, while the former generally does. 

However, a good telephone mimimum without a parallel re- 
sistance does not necessarily mean that there is no high resisting 
film on the electrode. It may mean, just as well, that the re- 
sistance of the film is so high in comparison with the capacity 
that it has no appreciable effect on the telephone current. We 
have an example of this in the case of anodic films formed on 
aluminium; for the thinner films a parallel resistance is necessary, 
but for the thicker films the resistance is relatively so high as to 
have no noticeable effect on the telephone minimum. Thus, 
while the necessity for the parallel resistance can be explained only 
by the assumption of a high resistance film, its absence may 
denote either a film of still greater resistance, or, that the capacity 
measured is not due to a film at all, but to concentration changes. 

The electrodes used were iron wires, about 0.8 mm. in diameter, 
prepared for standardizing work, and marked 99.6 per cent. 
pure. They were immersed in the various solutions to different 
depths. In most cases about 0.3 sq. cm. was covered by the 
solution. The values of capacities and parallel resistances given 
below are all reduced to values per square centimeter on a single 
electrode. On account of the action of certain solutions on the 
iron, the actual size of the surface of some of the electrodes is 
somewhat uncertain, so that the absolute values cannot be re- 
garded as of great accuracy. The relative values for any pair of 














1536 C. MCCHEYNE GORDON AND FRIEND E. CLARK. 


electrodes in different solutions generally agreed within a few 
per cent. 
OBSERVATIONS. 


Nitric Acid, Sp. Gr. 1.42.—In nitric acid, of the above con- 
centration, five pairs of electrodes with surface areas varying 
from 0.12 sq. cm, to 0.3 sq. cm., gave capacities ranging from 
58.7 to 66.0 Mf.; mean, 63.6 Mf. 

This is in good agreement with the measurements of Finkel- 
stein. His range of values is somewhat larger, but most of his 
results come within the above limits. Our observations differ 
from his in regard to the parallel resistance. He found no evi- 
dence of conductivity in parallel with the capacity and con- 
sidered this partial proof against the so-called film theory. With 
electrodes as large as those used by Finkelstein, namely, 0.33 sq. 
cm. or more, we likewise found no improvement of the minimum 
on the addition of parallel resistance. However, with smaller 
electrodes (less than 0.2 sq. cm.) a parallel resistance always made 
the minimum much sharper. The amount of this resistance 
could not be determined very accurately. The resistance which 
was evidently too small differed from that evidently too large 
by about 20 to 25 percent. Taking the mean of these two ob- 
served values, we found for electrodes 0.12 sq. cm. in diameter, 
in one case, 36 ohms per sq. cm.; and in another, 30 ohms per 
sq. cm. Electrodes 0.2 sq. cm. gave a resistance of 60 ohms. 

That we must have a parallel resistance for the smaller elec- 
trodes and not for the larger is, we presume, due to the greater 
density of the measuring currents with the smaller electrodes. 
Higher polarization probably reduces the resistance of the films; 
at all events, it brings their conductance into evidence. The 
higher resistance found for the larger electrodes indicates that the 
conductance increases with increased polarization of the measur- 
ing current. We take it that with the electrode larger than 0.3 
sq. cm., the density of the measuring current being smaller, the 
parallel conductance was so high as to have no effect on tke 
telephone current. Direct tests on the effect of varying the 
strength of the measuring current on a single pair of electrodes, 
as well as measurements of the capacity during polarization by a 
direct current, will probably give us more information in regard 
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to the variations of this parallel resistance. Such experiments 
have not yet been made. 

The capacity in fuming nitric acid was about the same as in 
nitric acid of specific gravity 1.42. 

Dilute Nitric Acid—Electrodes which had been made passive 
in concentrated nitric acid gave in dilute nitric acid, immediately 
after transference, the same capacity as in the concentrated acid. 
The capacity remained the same for a greater or less length of 
time, depending upon how long the iron had previously been in 
the concentrated acid. After a time, the capacity began to in- 
crease quite rapidly, going in less than one minute from the 
value for the concentrated acid to a pure resistance minimum, 
without any sign of capacity or polarization. At the same time 
the dissolving of the tron in the nitric acid made itself evident. 

Before the increase of the capacity is noticeable, there is a 
decrease in the sharpness of the minimum, just exactly as would 
be the case if we had a film whose resistance decreased con- 
siderably before its thickness had suffered any appreciable change. 

Ferrous Sulphate——Immediately after transference from con- 
centrated nitric acid, we found 58.7 Mf.; after standing ten min- 
utes in the aqueous solution of ferrous sulphate, measurements 
showed 103 Mf. and 10 ohms. After transference from dilute 
nitric acid, 80 Mf. and 44 ohms. 

After cathodic polarization, with the electrolytic precipitation 
of iron, there was a sharp resistance minimum without any sign 
of capacity. After anodic polarization at three volts, the following 
data were obtained: 120 Mf. and 8.6 ohms. 

Ferric Chloride.—The capacity was so large in comparison with 
the parallel resistance that the latter determined, to a large 
extent, the position of the bridge minimum. The condenser 
inproved the sharpness of the minimum but no reliable measure- 
ments of the capacity could be made. After cathodic polariza- 
tion there was a sharp resistance minimum without the con- 
denser. No signs of a minimum could be obtained with the 
condenser. 

Hydrochloric Acid.—Electrode direct from air gave 240 Mf. and 
40hms. Twenty minutes later, about 500 Mf. and 2 ohms. 


The capacity soon became so large in comparison with the 
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parallel resistance, that no reliable value could be obtained. The 
minimum was always better with the condenser than without it. 

Sulphuric Acid.—In concentrated sulphuric acid a sharp 
minimum was not obtained. Approximate measurements gave 
12 Mf. and 24 ohms. 

In dilute sulphuric acid, one minute after transference from 
concentrated nitric acid, we found 136 Mf. and 3 ohms; five 
minutes later, 186 Mf. and 2 ohms; thirty minutes later, more 
than 400 Mf. 

The parallel resistance was too small for accurate measure- 
ments. Electrodes directly from air gave 120 Mf. and 2 ohms, 
One minute after oxidation in Bunsen flame, 108 Mf. and 2 
ohms; and after standing thirty minutes, about 200 Mf., re- 
sistance uncertain. 

Sodium Sulphate—The iron wire was made passive in con- 
centrated nitric acid, transferred to the sodium sulphate solu- 
tion and the following measurement recorded, 60 Mf. After 
fifteen minutes, 110 Mf. to 114 Mf. 

After standing in dilute nitric acid for a time, and then trans- 
ferring to the sodium sulphate, the capacity was at first very 
large but decreased too rapidly for us to follow with measure- 
ments. Finally it came to a nearly constant value at 113 Mf. 
and 4.7 ohms. After oxidation in Bunsen flame, 13 Mf. and 75 
ohms. 

When the electrodes were placed in the solution directly from 
air, the capacity was relatively small, but soon came to a constant 
at 110 Mf. and g ohms. 

Potasstum Nitrate.—Measurements were made in dilute potas- 
sium nitrate solution, after the iron electrodes were made passive 
in concentrated nitric acid, 62 Mf.; and after five minutes, 156 Mf. 
and 2 ohms. 

Five minutes after transference from dilute acid to the potas- 
sium nitrate solution, these measurements were taken, 150 Mf. 
and 3.5 ohms. These values remained constant for forty-five 
minutes, when the observations ceased. 

Taken from air and after one minute measured in the above 
electrolyte, the following was found, about 6 Mf.; and after five 
minutes, 14.4 Mf.;after four hours, 118 Mf. and 12.5 ohms. After 
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oxidation in Bunsen flame, the first trial gave 3 Mf.; the second 
trial, 25 Mf. and 14 ohms. After two hours’ anodic polarization 
of 0.5 volt, 76 Mf. and 11.coohms. After same polarization for 
twenty-four hours, 61.6 Mf. and 15.0 ohms. Thus by long-con- 
tinued polarization the capacity was brought to the same value 
as in concentrated nitric acid. 

Sodium Hydroxide.—With electrodes from the air, the mini- 
mum was so poor that no measurements were made. After 
anodic polarization of 1.5 volts for five minutes, we got 43.6 
Mf. and 4.7 ohms. The polarization was continued for two 
hours and the capacity and resistance found to remain constant. 
Cathodic polarization made the capacity too large for the taking 
of accurate measurements, but not large enough to take re- 
sistance measurements without a condenser. After oxidation in a 
Bunsen flame, we found 3 to 4 Mf. and 30 ohms. 

DISCUSSION. 

The measurements show that, in general, the polarization of 
iron electrodes can be balanced by a condenser, with a resistance 
in parallel. Only four exceptions to this were found, in dilute 
nitric acid and in ferrous sulphate and ferric chloride after cathodic 
polarization, the iron behaved as a non-polarizable electrode; 
with the larger electrodes in concentrated nitric acid, the parallel 
resistance was not necessary. 

We found the parallel resistance necessary, however, with the 
smaller electrodes in concentrated nitric acid, and the smaller 
the electrode, the less the resistance per square centimeter. We 
conclude that failure of the method to give evidence of parallel 
conductivity in the case of large electrodes was due to the con- 
ductance being so small as to have no appreciable effect on the 
telephone current. Since the resistance in parallel with the 
condenser can only be interpreted as being due to a poorly conduct- 
ing film, we hold that our resuits present very strong evidence in favor 
of the film theory. 

Probably the most surprising thing in connection with the 
results, is that in neutral and acid solutions, where iron is active, 
we found the capacity of the same order of magnitude as in the 
concentrated nitric acid. In the latter the capacity is about 60 
mictofarads while in sodium sulphate, after treatment with 
dilute nitric acid, as well as after being made passive in concen- 
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trated nitric acid, the capacity soon came to about 110 micro- 
farads. In dilute sulphuric acid, soon after immersion from air, 
with gas bubbles being evolved on the iron, the capacity was only 
160 microfarads. The difference between active and passive 
iron is not shown so much in the magnitude of the capacity as in 
that of the parallel resistance. It seems that in most solutions 
iron is covered with an oxide film, comparable in thickness with 
that formed in concentrated nitric acid, but in the latter elec. 
trolyte its resistance is much greater. 

Our results are, in most respects, a confirmation of the views 
on the question of passivity lately expressed by Haber and 
Goldschmidt,’ whose paper came to our notice after the greater 
number of the above measurements had been completed. They 
have shown that the assumption of an oxide film, not perfectly 
continuous, but full of pores, and the presence of such a film in 
solutions where iron is only partially passive, does away with 
most of the objections to the film theory of passivity. The pores, 
assumed by them, readily explain the parallel conductivity, 
which we have found. It is not necessary to assume metallic 
conduction for the film to account for the results of Finkelstein, 
as we have shown that his measurements are not contradictory 
to the idea of a film of high resistance. The greater conductance 
found by us for larger densities of measuring current, we conceive 
as being due to an enlargement of the pores, although the forma- 
tion of higher oxide threads with metallic conduction would also 
explain the phenomena. 

Apparently the strongest argument against the film theory is 
that due to the observations of Miiller and K6nigsberger,” who 
found no difference in the reflecting power of active and passive 
iron. Our results confirm the supposition of Haber and Gold- 
schmidt, who infer that Miiller and Kénigsberger were measuring 
the reflecting power of an oxide film in all cases, and naturally 
found it the same. 

Finkelstein sees in the fact that the capacity of iron in con- 
centrated nitric acid is near that of platinum (bright), after it 
has been heated in a flame, an argument against the film theory 
and in favor of the idea that the capacity is due to concentration 
changes, which has heretofore been considered the case with gold 


1 Z, Elektrochem. 12, 49 (1906). 
? Physik. Z. 5, 413, 797 (1904); 6, 847 (1905). 
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-TO- and platinum. We consider it more probable, in view of the still 
air, larger capacities which we have found with parallel conductance, 
nly and in view of the fact that Scott found the capacity for gold 
sive (10.3 Mf. sq. em.) almost the same as that for aluminium (10.6 
sim Mf. sq. cm.), where there certainly is such a film, that gold and 
ions platinum, likewise, are covered with an oxide film, which is at 
vith least the main factor in determining their capacity. From the 
lec- very irregular values of capacities found for platinum, except 
after it has been heated in the flame, it appears as if such heating 
cws produces a very regular film, which slowly changes when left 
and standing in air or in solution. 
ater The capacity of platinized platinum is many times larger, but 
hey it is not at all improbable that here, too, the size of the capacity 
ctly is largely determined by such a film. By this assumption a 
1 in number of facts can be explained, which are hard to reconcile 
vith with the heretofore accepted theory that the capacity is due to 
res, changes in concentration of gas occluded in the electrode. A 
ity, few of these facts we shall merely mention, as a discussion of this 
allic point would carry us far beyond the intent of this paper. Scott 
ein, found no change in the capacity of platinized platinum with 
‘ory change in pressure, although he used pressures as high as 800 
mice atmospheres. It has recently been shown by several different 
eive methods that platinized platinum, saturated with oxygen, does 
me not give the correct potential value for an oxygen electrode.! 
also Gordon,” as well as Wien,* found an apparent increase in the 
resistance of an electrolytic cell subjected to alternating current 
i polarization, even when this polarization was balanced by capacity 
who or inductance. 
sive CENTRAL UNIVERSITY, 
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tion It was first stated by Mme. Curie* that the radioactivity of 
gold 1 Lewis: This Journal, 28, 158 (1906). 


* Gordon: Loc. cit. 
3 Wien: Wied. Ann. 58, 37 (1896). 
* Thése, Paris, 1903: Chem. News, 88, 98 (1903). 





1542 HENRY M. GOETTSCH. 


uranium compounds was an atomic and not a molecular property; 
the activities found, however, were only very roughly proportional 
to the percentages of uranium. In her experiments, Mme. Curie 
took no account of the absorption of the a-ray activity by the 
active compound itself. It was shown by McCoy,! that it was 
possible to determine the amount of this absorption, and that by 
taking it into account, the activity was indeed strictly proportional 
to the percentage of uranium, and therefore an atomic property. 
Only three compounds of uranium were investigated by McCoy. 
It therefore seemed desirable to examine thoroughly in a similar 
manner a larger number of pure uranium compounds. My re- 
sults on five other uranium compounds confirm those previously 
announced by McCoy. The absorption coefficients of a large 
additional number of uranium compounds were then obtained, 
indirectly, in an endeavor to find relationships between the 
absorption and other physical or chemical properties. 

The theory of the absorption of the activity within the radio- 
active film has been given by McCoy.” He has shown that 
k, = 2.303 s/w log 1/1-x, 
where k, is the absorption coefficient for unit weight on unit area; 
x is the ratio of the observed activity of a thin film to that ofa 
film of the same substance, of equal area, and sufficiently thick 
to be of maximum activity; w is the weight of the thin film; and s 
is the area of the films, which in all of these experiments was equal 
to 39.82 sq.cm. The coefficient, k,, differs for different uranium 
compounds, but is constant for any one compound. These 
values of &, may be used to calculate the total activities of unit 
weight, &,, of each of the compounds examined. If the activity 
of a film of uranium oxide of maximum activity be taken as unity, 
and if A, represents the maximum activity of a film of any other 
body as compared with the standard, the following relation holds: 
k,=2k,A,/s. 

The value of k, may be obtained in another way.* For an 
infinitely thin film there would be no absorption, hence 
A='/,k,w, and k,=2A/w 
but x=A/A,. Substituting in 
k,=2A,x/w. 
1 This Journal, 27, 391 (1905). 


2 Loc. cit. 
3 McCoy: Loc. cit. 
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If the values of w be plotted along the axis of abscissae, and the 
ratios of w/x as ordinates, the point of intersection of the curve 
with the axis of ordinates gives the value of w/x for an infinitely 
thin film. The values of k, obtained by the two methods are 
shown in Tables VII and VIII. 

If the radioactivity of uranium compounds is an atomic property, 
k,/P should be a constant, where P is the weight of uranium in 
i gram of the compound. Complete series of measurements, 
made on six different uranium compounds, show that the value 
of k,/P is a good constant, and confirm the results previously 
announced by McCoy.' 

The mean value for k,/P was found to be 19.84. If this value 
be assumed to hold for all compounds of uranium, it becomes 
possible to deduce the value of k, for any compound by the 
measurement of the activity of a single film of maximum activity. 
From the relation k,=2k,A,/s, where s=39.82, we obtain k,= 


P , ia 
395° The comparison of the activity of a film of maximum 


A 

activity with that of the standard oxide gives A,. P being derived 
from analysis. The results of these determinations are given in 
Table IX. 

Methods of Preparation and Analysis.—For all the preparations 
used, Kahlbaum’s purest uranium nitrate served as the starting 
material. Since all uranium ores contain radium,’ it was necessary 
to show that the nitrate employed was free from radium in 
quantities sufficient to affect the activity. A large quantity of 
the nitrate was finely ground in an agate mortar, thoroughly 
mixed, and a 10-gram sample taken. ‘This was dissolved in 250 
cc. of water, warmed to 70°, and then treated with an amount of 
ammonium carbonate sufficient to redissolve the precipitate first 
formed. About 2 grams of barium chloride were then added, 
and a slight excess of ammonium sulphate. After digesting at 
70-80° for about an hour, the precipitated barium sulphate was 
filtered off and dried. This treatment was carried out three 
times. The activity of the precipitated sulphates was then 
determined. No. 1 was much the most active, as will be seen 
from the appended time of discharge of the electroscope. 


1 Loc. cit. 
2 McCoy: Ber. 37, 2641 (1904); Boltwood: Am. J. Sci. 18, 97 (1904); 


Phil. Mag. [6] 9, 599 (1906). 
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Sample. Time of discharge (seconds). 
Standard U,0, 15.75 
BAO) (HINO Miwcsscesicesaesrecdastecsensssccaccas 89. 
SEO INO Pesssk scassseaaanarenccesseses vesececer 431. 
RRO INOS Biers snes cnchessenecaescensansessavsee 329. 

It was evident from the pale yellow color of the precipitates 
that they had mechanically carried down uranium. To remove 
this they were then boiled with 200 cc. of water to which had 
been added to cc. of pure concentrated hydrochloric acid. After 
digesting the hot solution for an hour, it was filtered, and the 
residue washed till the wash-water failed to give a test for uranium 
with potassium ferrocyanide. The precipitates were now pure 
white, and after drying in the oven were returned to the trays 
which had been washed and dried. The activity had been dimin- 
ished greatly. 


Sample. Time of discharge. 


Standard U,0, 15.80 
PM Natr cece scot ccas en cnsnaccovesdes issmsledtasaecees 369. 
INO Ditccsecapslnescs sont censesmeresctesiwaccacess 3740. 


The weight of each sulphate precipitate was about 2 grams. 
The radium is practically removed by the first precipitation. As 
this amount was obtained from 1o grams of the nitrate, and as the 
maximum weight of the substances examined rarely exceeded 
I.5 grams, it was evident that the amount of radium was too small 
to affect appreciably the activity of the preparations measured. 
This conclusion was verified by converting the purified nitrate 
into the oxide and comparing its activity with that of my standard 
oxide which had been made by the direct ignition of the com- 
mercial nitrate. After making three precipitations as described, 
I added hydrochloric acid to the filtrate until precipitation began, 
and then concentrated by boiling down. An orange-yellow, 
granular precipitate fell out, which was easy to filter and wash. 
It was probably a mixture of ammonium uranate and ammonium 
carbonate. After drying, the precipitate was ignited, at first 
gently, in a porcelain crucible. After most of the moisture and 
ammonia had been driven off, the residue was transferred to a 
platinum crucible and the ignition finished in oxygen. About 
5.2 grams of pure black oxide, U,0,, were obtained. From ita 
film was prepared, sufficiently thick to be of maximum activity. 
By comparison with the standard oxide their activities were 
found to be practically identical. 
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Sample. 3 Time of discharge. 
Standard , 15.75 
‘‘Purified’’ sample : 15.80 

The result showed that the nitrate was sufficiently pure to be 
used directly in the preparation of the compounds to be tested. 

A large number of methods for the determination of uranium 
were tried. In many compounds containing no other fixed sub- 
stances, simple ignition converts the uranium into urano-uranic 
oxide, U,O,. In using this method it is necessary to finish the 
ignition in oxygen, since the researches of Zimmermann’ have 
shown that when the ignition is done in air, there is a slow loss of 
oxygen. ‘The color of the residue varies with the degree of heat, 
from a dark green if ignited at bright redness, to a pure black 
when the highest temperature of the blast lamp is employed. 
The composition, according to the same author, does not vary. 
Ihave found that thick films, prepared from both the green and 
the black oxides, have the same activity. 

In acid solutions, in the presence of alkalies or alkaline earths, 
uranium may be precipitated as ammonium uranate, (NH,),U,0,, 
which on ignition gives the oxide. The precipitate is always 
contaminated with considerable amounts of the other metals; 
however, as Hillebrand? has shown, and Kern® has confirmed, 
the uranate may be obtained free from alkalies or alkaline earths 
by redissolving and reprecipitating twice. The method is some- 
what tedious, but gives good results. The separation of uranium 
from barium, by precipitation of the former as uranyl ammonium 
phosphate, as recommended by Kern,‘ was found unsatisfactory. 
A considerable amount of barium was carried down. A better 
separation from alkaline earths was afforded by electrolytic 
methods. Kollock and Smith® have shown that uranium is de- 
posited on the cathode as a hydrated oxide from acetic acid solu- 
tions, molybdenum being the only other metal showing a similar 
behavior. Kern also has investigated the method, and the 
directions given by him were followed with good results. 

For analysis, material was taken from some of the thicker 
films, after completing measurements upon their activity. In this 

1 Ann, 232, 276 (1885). 

2 Am. J. Sci. 10, 136 (1900). 

5 This Journal, 23, 708 (Igor). 
* Tbid. 

5 Ibid. 23, 607 (1901). 
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way the results of the analysis would more accurately represent 
the uranium content of the films in the condition of actual use, 
since small changes of composition, due to gain or loss of moisture, 
would be accounted for. The films were usually kept in the open 
air, carefully protected from dust; in some cases, where a tendency 
to absorb moisture was observed, they were kept in desiccators, 
The gravimetric determination of uranium being rather tedious, 

recourse was often had to the volumetric process. The com- 
ments on this process as given in the literature are of a conflicting 
character. The reduction of uranium solutions with zinc and 
sulphuric acid and titration with permanganate is due to 
Belouhoubeck.' Guyard? states that the results are always in- 
exact, and he ascribes this to the formation of lower suboxides 
of uranium. Zimmermann,* who next took up the process, 
states that these suboxides do not exist, that uranyl salts are not 
reduced beyond UO,, and that they admit of most exact deter- 
mination by permanganate. He carried out his reductions in a 
flask provided with a Bunsen valve, and found that half an hour 
was sufficient for the reduction of rather large quantities. He also 
found that the oxidation of uranous salts exposed to the air oc- 
cured but slowly, so that the error from that cause became inap- 
preciable in rapid work. Kern‘ has published the results of 
numerous experiments with the process. He finds, in agreement 
with Zimmermann, that the reduction does not proceed beyond 
the tetravalent stage, even when prolonged for five hours. To 
prevent a possible reoxidation in the air, he works in an atmos- 
phere of carbon dioxide, by pouring the reduced acid liquid into 
the titrating flask which contained some sodium carbonate. In 
opposition to these statements, Pulman® finds that the reduction 
does proceed partly beyond the tetravalent stage. He finds, 
however, that this may be corrected by dispensing with the 
atmosphere of carbon dioxide, and allowing the solution to drip 
from the reductor into the titrating dish, all the time freely ex- 
posed to the air. In this way the part reduced beyond the UO, 
stage, is oxidized back without any tendency to oxidize further. 
The time of reduction was one hour. . 

1 Z, anal. Chem. 6, 120 (1867). 

2 Bull. soc. chim. 1, 94. 

3 Ann. 213, 300 (1882). 

4 This Journal, 23, 712 (190T). 

5 Am. J. Sci. [4] 16, 229 (1903). 
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In agreement with the work of Pulman, I found that the re- 
sults were not uniform when Kern’s directions were followed, 
put that they often came high, showing that the reduction did 
proceed too far. This was also indicated by the color of the 
solution which finally became a dirty brownish green. The 
method of work finally adopted was one recommended by Prof. 
McCoy, who had used it in work on uranium ores. In view of 
the uniformly good results given by the miethod, and its rapidity 
of execution, it seems worth while to give the details of the pro- 
cess. 

The reductions were carried out in a large beaker of about one 
liter capacity. One hundred grams of pure stick zinc were in- 
troduced in the form of 15 to 20 small pieces; then the uranium 
compound was added, dissolved in dilute sulphuric acid and in 
amount equivalent to o.100-0.150 gtam of metallic uranium; 
finally the volume of the liquid was brought to about 125 cc., 
of a concentration corresponding to one part of acid, sp. gr. 1.84, 
to five parts of water, by volume. The beaker was then covered 
with a watch-glass and the solution heated to boiling. After 
boiling began, the heat was so regulated as to maintain about 
rem. of thick foam over the boiling solution. 

Under these conditions the reduction proceeds with great 
tapidity. It was often complete in two minutes, and never took 
more than five, and could be continued for a quarter of an hour 
without affecting the result. The color of the solution changes 
from yellow through various shades of green to a muddy brownish 
green, which indicates the completion of the reaction. The 
sides of the beaker were rinsed with water and the hot solution 
decanted through a filter into a large evaporating dish. The 
zinc was tapidly rinsed with cold water, and the washings also 
tun through. The color changes almost instantly to a pale 
olive-green. About five minutes were taken up with the filtra- 
tion. The final volunie of the solution just before titration was 
about 500 cc. The titration was then carried out, using ap- 
proximately N/30 permanganate, which had been standardized 
against metallic iron, and also against pure U,O,, the two methods 
giving practically identical results. The results of the titration 
were not appreciably different if the solution was allowed to stand 
fifteen minutes before running in the permanganate. This 
method was used in the analysis of many of the compounds, and 
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as only bodies of apparently well established composition were 
used, besides uranium no other constituents were as a rule deter. 
mined. Twenty-six uranium compounds were prepared and 
analyzed ; the details are given elsewhere.* In that which follows, 
the formulas given for the various com:pounds are those indicated 
by the analyses. 

In cases where a different method of analysis was followed, this 
is mentioned in connection with the preparation of the com- 
pound. 

Determination of Radioactivity —The method of work used was 
the one developed by McCoy.” The substance under examination 
was very finely ground with a volatile liquid in an agate mortar, 
Chloroform and alcohol proved the most generally useful, but 
ether, ligroin, benzene and carbon bisulphide were also used, 
After grinding, the mixture was transferred to a small beaker 
and then, while still in suspension, rapidly poured into a circular 
shallow, tinned iron tray. These trays, which were 7.12 cm. in 
diameter, with rims 0.8 cm. high,* were intended for covers for 
jelly glasses, and were easily obtained in quantity. A cover 
glass was placed over the tray, until the solid matter had settled; 
the liquid was then allowed to evaporate spontaneously. When 
alcohol was used, it sometimes happened that on account of the 
slow evaporation, the metal trays became rusty before the films 
were dry. This was avoided by placing under a large inverted 
crystallizing dish, along with the evaporating sample, trays of 
fused calcium chloride. This very rapidly absorbed both alcohol 
and water, and proved of great assistance in getting smooth and 
uniform films. The measurements of the activity were made 
with an electroscope of the C. T. R. Wilson type,‘ but having in 
addition a horizontal metal plate 5 cm. in diameter attached 
to the vertical strip carrying the aluminium leaf. The measure- 
ment consisted in noting with a stop-watch the time of discharge 
of the leaf of the electroscope across ten divisions of the scale of 

1 Dissertation, Univ. of Chicago, 1906. 

3| Loc. cit. 

3 It might be thought that an error in the determination of the activity 
would result from the absorption of a portion of the rays by the rims, but 
as all of the trays had rims of the same height, the same fraction of the ac- 
tivity would be absorbed in the case of every film, including the standard. 
No error was incurred on this account. 

4 Pr. Roy. Soc. 68, 152 (1901). 
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the micrometer microscope. The potentials corresponding to the 
beginning and end of the ten divisions were 200 and 150 volts, 
respectively. The natural leak of the electroscope remained quite 
constant. Observations at different times during a period of 
several months showed the time of discharge of the empty elec- 
troscope to be from eight to ten hours. After being in continual 
use for over a year, the time of leak had diminished to about five 
hours. It was therefore necessary to make corrections for the 
natural leak. With an active sample, the minimum time of 
discharge was found for a distance, between the active sample 
and the charged plate of the electroscope, of 34 mm. This 
distance was used in all of the following measurements. 

Four determinations of the activity of each film were made 
and the average taken. These determinations were repeated on 
different days, and the mean of three or more different measure- 
ments taken for the final value. To compensate for any change 
of sensitiveness of the electroscope, measurements were made 
on the standard sample immediately before and after the measure- 
ments made with each film. The mean of these was used to 
compare with the activity of the film to deduce the value of x. 
In this manner, complete measurements were made for a series of 
films of six different compounds. The results are given in Tables 


I-VI. 
TABLE I.—URANO-URANIC OXIDE, U;O, 


No. w. e; wie. ko. 
1 (Standard) ........ 0.5637 1.000 0.5637 
eta cedesinte lceaoensene 0.2936 0.945 0.3108 43 
Bevaceusisswcngaseluedeaces 0.2148 0.853 0.2519 355 
Bes ccesucaastestevssseanes 0.2101 0.822 0.2556 327 
Ges ip datieactacotucesaness 0.1678 0.749 0.2241 328 
Gav saccasiwascacesseeceust 0.0966 0.549 0.1760 328 
Wn -caacasdeuapadeacseecaee 0.0873 0.518 0. 1686 333 
Bes jarcsccawucesasecseres 0.0736 0.460 0. 1600 334 
Gusev ncas-dasuauneiacesees 0.0486 0.324 0.1500 321 
VO, p-acccuncdascckeeedevecs 0.0418 0.293 0.1427 331 
WY clcevarvecsoasnenenesns 0.0244 0.17 0.1387 316 
BD. cnscecescezcssenceresas 0.0147 0.117 0.1256 338 
EDs ausesiadescacedsencasens 0.0110 0.088 0.1250 334 
BAe, cccccncesceceaeantercan 0.0078 0.061 0.1278 321 
Mean, 33! 


The value found by McCoy was 335. The results are in good 
agreement and show themselves in no way dependent upon the 
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sample or the instruments used, thus furnishing a further proof 


of, the correctness of the theory. 


TABLE II.—URANIC ACID, H,U,0,. 


No. w. x. 
Bois ccc wanaducseadenwassese 0.5160 Maximum 
Batact ctnsassisenteweensen 0.2927 0.983 
ab caasenpgeucaneeseos tees 0.2345 0.884 
Bocce vecnscsceathwsenoses 0.1671 0.772 
cusp hdeamncoscueseaeasies 0.1468 0.740 
OeSiconscancencepecasenede 0.1412 0.730 
We as ada anaeerwsecane scene 0.1274 0.691 
errr 0.0624 0.432 
Qiisasdewstapecemenceness 0.0503 0.372 


Benzene was used as the suspending liquid. 
to‘obtain uniform films thinner than No. 9. Attempts were made 
with chloroform, ligroin and alcohol, as suspending liquids, but 


w/x. 
0.516 
0.2977 
0.2653 
0.2165 
0.1985 
0.1934 
0.1844 
0.1444 
0.1352 


Mean, 


It was not possible 





367 
364 





the films presented peculiar mottled and striped effects. This is 
probably a result of surface tension and was a difficulty repeatedly 


encountered. 


TABLE III.—URANYL IODATE, UO,(IO;),.H,O. 


No. w. 


Disc cbeicbevaceesassencasn 0.9282 Maximum 
2 insvssacanssauousetaenene 0.6916 “ 
Re cacssnavanecueawusiewes 0.4790 0.986 
bissccensaccsesessvsesesacs 0.4039 0.971 
SF cusnseanéceyecssesseeers 0.2617 0.937 
Do cnisenpecusbnesspenness 0.2160 0.889 
Fico iaisckicubientneeaseees 0.2048 0.885 
Maccdissnsssessekeusasesen 0.1555 0.790 
Dicaacccsapsseessasessenes 0.1463 0.782 
DO rvs cevansavesssissonases 0.1048 0.673 
TiTe a cncdcucenvenicusedeneses 0.0660 0.502 
DQiscscscesosseseeccasssens 0.0450 0.364 


Alcohol was used as the suspending liquid in making films of 


the iodate. 


wie. ho. 
0.6916 sas 
0.4857 
O:4160 sess 
0.2793 421 
0.2430 400 
0.2314 421 
0.1968 400 
0.1879 413 
0.1557 425 
0.1314 421 
0.1236 4o1 
Mean, 413 











of 


tv 


— |6C! 


ws 





No. w. 
Windus donsapeteneesesecaes 0.5539 
Be csvadesiaunnvantcedeseds 0.4404 
Be cauatasedacnetasosccvecs 0.3771 
Avcsccusngcveresseaareades 0.2334 
Be wa rae ctidtsouccsssexcaes 0.2278 
Orcs <svetcpsccnasexaccats 0.2134 
Te wasdancccucwwaancsanses 0.1517 
We vacacks esse ucdesqetense 0.1475 
Biccucasssspeasvoiesssense 0.1211 
Gia: vasenaxesvacaceaccaeus 0.1043 
Wb cicsxsnevdaesceusacnecacs 0.0903 
BP cai wcascanacaakdensenses 0.0715 





suspending liquid. 


Tocccccsccccccccees coccee 0.9443 
Pa vicnsanssayacecseeneteces 0.5315 
Favdadnscaepevucdesesecets 0.2539 
ena cvu nda sdadsaseustroee 0.1750 
acted cca gius avewieaes 0.1738 
Geiccccucvesvsesieasaeseas 0.1518 
Prséuidcuatetdesdweetas 0.1487 
Dek winaaadaasacates tees 0.1089 
Ooi ncciavslcdvissvecencss 0.0866 
BOs dicsevctacal-cseesoesees 0.0841 
Biba cecaddecdswasdecescecete 0.0634 
BDvcacisveccsdsevseausve 0.0458 
BOs tsvecmsn cansagrecsecece 0.0457 
BA, cacsccsedecsesecsesesa 0.0382 
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x. 
Maximum 
0.977 
0.932 
0.914 
0.887 
0.817 
0.805 
0.740 
0.674 
0.621 


0.537 


x. 
Maximum 
0.985 
0.901 
0.793 
0.787 
0.744 
0.740 
0.622 
0.562 
0.502 
0.433 
0.338 
0.337 
0.285 






TABLE IV.—URANYL, THIOSULPHATE, UO,S,O;.2H,O. 


wiz. ko. 
0.4404 
0.3859 saves 
O.25O4 sass 
0.2492 428 
0.2406 407 
0.1857 446 
0.1832 441 
0.1636 443 
0.1547 428 
0.1454 428 
0.1331 429 


Mean, 431 


The thiosulphate films were made by the use of chloroform as 


TABLE V.—SODIUM URANATE, Na,U,0,. 


wiz. ko. 
OAC Cree? 
0.2818 363 
0.2207 358 
.2208 355 
0.2040 358 
0.2010 361 
0.1751 356 
0.1541 380 
0.1675 338 
0.1464 356 
0.1355 358 
0.1356 358 
0.1341 350 


Mean, 358 


A mixture of chloroform and alcohol was used as the suspending 
liquid for the films of sodium uranate. 
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TABLE VI.—URANYL AMMONIUM PHOSPHATE, UO,NH,POQ,.3H,0O. 


No. w, 
Eswcsctnasecceuavansusmens 0.9813 
Doc coliecsscucaeseesaeavs 0.9749 
Bae vcwescsustgucivicies 0.4788 
Als cccisaestasssancssaneens 0.2088 
Ree nes cccwsutedsousesees 0.1984 
Dicssascaveccsaeates ounces 0.1939 
Discacindvconsashecbacteces 0.1660 
Bs vencstacsatoesueverseans 0.1494 
ID mcccumcesnanssoarteuwcoses 0.1229 
POG scswiesocscosvanoapeane 0.1078 
Wiliscssdicssastaaecnarcanesk 0.1040 
FQ a sveswawiseicprtaesacese 0.0791 
BD Scions cv ossessswexee’ 0.0773 
BA csonsisaseauw tomas eosnes 0.0483 
BG oss uncnrsacacmcusdsses’ 0.0347 


x. 
Maximum 
0.974 
0.923 
0.917 
0.910 
0.887 
0.847 
0.790 
0.749 
0.735 
0.632 
0.624 
0.451 
0.347 


wiz. ko. 
0.4915 ree 
0.2262 489 
0.2164 504 
0.2131 495 
0.1872 524 
0.1764 501 
0.1555 506 
0.1440 511 
0.1415 508 
0.1251 492 
0.1239 515 
0.1071 495 
0.1000 489 
Mean, 502 


A mixture of alcohol and chloroform was used as the suspending 


liquid. 


The values of k, given in the preceding tables may now be used 
to calculate the values of k, and k,/P for the different compounds 
examined. ‘The values as obtained by the first method are given 


in Table VII. 


TABLE VII. 

Substance. ae. ho. 
Urano-uranic oxide ........ 1.000 331 
WPARMIC ACI 5.0. 6:5/0:4:0K8. 000008 0.876 364 
Mranyl 10date . <.6..:6/0:00 s:siee 0.356 413 
Urany]l thiosulphate........ 0.533 431 
Sodium uranate............ 0.816 358 


Uranyl ammon, phosphate.. 0.431 


502 





Ay. I0oP. RIP. 
16.63 84.82 19.60 
16.01 80.73 19.82 

7.37 37-15 19.86 
11.53 57.32 20.10 
14.67 74.27 19.74 
10.86 54.68 19.93 

Mean, 19.94 


We may compare with these values those obtained by McCoy.’ 


Urano-uranic oxide........ 1.000 
Uranylioxalate .......02.00 6. 0.459 
Ammonium uranate........ 0.720 


335 
507 
417 


The values of McCoy are for S=40.15. 
them with my results we must multiply them by the ratio between 


1 This Journal, 27, 391 (1905). 





16.69 84.90 19.7 
11.59 57.60 20.1 
14.95 74.40 20.1 

Mean, 20.0 


In order to compare 
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the areas of the trays used. The value then found for k,/P is 
40.15 
39.82 

The value of k,/P, which represents the total activity of unit 
weight of metallic uranium, should be constant, if radioactivity 
isan atomic property. The result is in harmony with the theory. 

In Table VIII are given the values of k, as obtained by graphic 
extrapolation. The values of w/x are taken from curves, which 
were similar to those obtained by McCoy.! In the fourth column 
are given for comparison the values of k, as found by the first 
method. The greatest deviation is about 1 per cent. 


X 20.0 = 20.16. 





TABLE VIII. 
Substance. (wix)o. al, ky. (4). Ay /P. 
Urano-uranic oxide....... 0.120 1.000 16.66 16.63 19.64 
Wranle: ACID. 66 cos c.a-sisave v's 0.110 0.876 15.92 16.01 19.72 
Uranyl iodate.........:6.05 <6. 0.095 0.356 7.49 7.37 20.17 
Uranyl thiosulphate...... 0.093 0.533 11.47 11.53 19.99 
g Sodium uranate.......... O.112 0.816 14.57 14.67 19.62 


Uranylammon. phosphate. 0.080 0.431 10.77 10.86 19.71 





1 
5 Mean, 19.81 
1 The mean value of k,/P is practically identical with that found 


before (19.84). The value 19.84 will be taken as the most prob- 
able value of the constant. If the unit of activity is taken as that 
due to 1 sq. cm. of a thick film of U,O,, instead of that due to the 
whole standard film, the value of k,/P becomes 19.84Xs. Since 
s, the area of the films, was 39.82 sq. cm., k,/P=790. There- 
fore, the total activity of 1 gram of uranium is 790 times that of 
1 sq. cm. of a thick film of U,O,. 

In Table IX are given the absorption coefficients of all the 
compounds examined. In the case of sixof the compounds they 
were obtained by direct measurements of a series of films; in all 
other cases they were derived by calculation, by means of the 
equation k, =395P/A, from the measured value of the activity, A,, 
of a film of maximum activity. In most cases a film of 0.5 gram 
in weight was sufficient to give the maximum activity, but in 
every case several films were prepared, ranging in weight from 
about 0.7 to 1.5 grams. When several thick films of different 
weight but of equal activity were obtained, the resulting activity 
was taken as the maximum. 

1 This Journal, 27, 391 (1905). 
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TABLE IX. 

Substance. Too P. A’. Ay. ko. 
Uranium (Merck) (impure)...... 90.00 1.18 17.85 301 
Uranium (E. & A.) (impure)..... 90.20 1.20 17.89 297 
UPAnitt GIOKIGE 5.5.6 5.05. cc05:s)010 88.16 1.126 17.50 310 
Urano-ufanic OXIdE. ........6:..6:5.6055. 84.82 1.000 16.63 331 
ROSARIO oe 5. or0is)dro55) 0. siacso ore atesenss 80.73 0.876 16.01 364 
Soctitis UTAnate..... coc sacs soeees 74.27 0.816 14.67 358 
POLASSINIIN 1FANATE «600.060.0000 6 sae 70.03 0.765 13.90 362 
Calc ANTAnATC. 66.6.6. ccs sees 74.00 0.785 14.70 373 
WELOHLIUIN TITAHOLE ..6.. <6 0::5 0:00 66.88 0.651 13.27 406 
PGSM MPONALE 6 oo oss os sisce sees 58.63 0.591 11.63 392 
Uranyl sodium acetate.......... 50.81 0.357 10.05 562 
Uranyl potassium acetate ....... 49.04 0.339 9.74 573 
Uranyl lead acetate ............ 31.24 0.250 6.20 494 
Uranyl barium acetate.......... 44.64 0.320 8.87 551 
Uranyl nitrate (24H,O) ......... 54.43 0.436 10.80 493 
Uranyl nitrate (3}H,O) ......... 52.24 0.411 10.36 502 
Uranyl potassium nitrate........ 48.25 0.369 9.57 517 
WPANYVISUIDDALEC. «5.5 '0:5:0:60 «:s:0:0:5:0% 55.73 0.446 11.02 492 
Uranous sulphate: <.....<.000/:0 60.05 46.10 0.362 9.15 504 
Urany] potassium sulphate...... 40.60 0.302 8.06 531 
WPAN ORAIALE 55 6556615. 6-aisce'eieisin'e. 57.60 0.459 11.59 507 
Urany]l potassium oxalate ....... 41.20 0.280 8.18 582 
Uranyl potassium propionate .... 45.00 0.297 8.93 599 
Uranyl potassium butyrate...... 41.65 0.260 8.26 633 
Uranyl thiosulphate............ 57.32 0.533 11.53 431 
Uranyl ammonium phosphate.... 54.68 0.431 10.86 502 
NIA E TORDATE oo 55: 9 6.0 0:0 016.6)0)6 ore 37.15 0.356 2:37 413 
Uranyl potassium chloride....... 45.10 0.352 8.95 506 
Uranyl potassium carbonate ..... 38.64 0.285 7.60 531 


The values found above for the absorption coefficient of metallic 
uranium cannot be taken as more than a rough approximation 
to the true value. 

Summary.—tThe theory of the absorption of radioactivity of 
uranium compounds, as developed by McCoy,’ is shown to hold 
accurately in the case of the six compounds examined. It is 
proven that absorption is not dependent on the form of the 
measuring instrument, and that measurements can be accurately 
duplicated. The theory that radioactivity is an atomic phenom- 
enon receives additional confirmation in the good constant 
found for the value of k,/P. The absorption is not proportional 
to the molecular weight. This is readily seen in the case of the 


1 Loc. cit. 
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black oxide which has a low absorption with a very high molec- 
ular weight. It is very probable that absorption, like radio- 
activity, is an atomic phenomenon. A fuller discussion of this 
question is given in a later paper by Prof. McCoy and myself. 

This work was undertaken at the suggestion of Dr. H. N. McCoy, 
and carried out under his guidance. It is a pleasant duty, in 
concluding, to express to him my gratitude for his unfailing 
interest in the work, and for the many helpful suggestions re- 
ceived. 


May, 1906, 


[CONTRIBUTION FROM THE KENT CHEMICAL LABORATORY OF THE UNI- 
VERSITY OF CHICAGO. ] 


THE ABSORPTION OF THE a-RAYS OF URANIUM. 
BY HERBERT N. McCoy AND HENRY M. GOETTSCH. 
Received August 4, 1906. 
Ir k, is the absorption coefficient (referred to unit weight upon 
unit area) of the a-rays of any uranium compound, it is found! 
that 


how 
A=A, (1—e‘ ). (1) 
where A is the activity of a untform, thin film of the compound, 
of weight w and area s, and A, is the activity of a film of the same 
compound of equal area and sufficiently thick to be of maximum 


A 
activity. If A= then 
1 





_ 2.303 $ I 
k,= fe log war (2) 
Calling k, the total activity of unit mass of the active compound, 
2k,A 
yo (3) 


In the paper referred to, results were given for three uranium 
compounds. The values found for k, were constant for each 
compound, but different for different compounds. The values 
of k, as found from those of k, by the above equation, were strictly 
proportional to the uranium content, P, of the compound. This 
investigation has now been extended by one of us.? Table I 
gives a summary of both series of measurements. 

' McCoy: This Journal, 27, 391 (1905). 
? Goettsch: Preceding paper. 
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TABLE I. 
Series I (McCoy). 5 == 40.15 sq. cm. 

Substance. Ay. ko. ky. P; Ay/P. 
RRC cacorcte loxatie sianets: elccie vae-s 1.000 335 16.69 0.8482 19.7 
O05 0) 00 0 nae eae 0.720 417 14.95 0.744 20.1 
WOCO AHO) 5665-0658 0.459 507 11.59 0.576 20.1 

Mean, 20.0 

Series II (Goettsch). s == 39.82 sq. cm. 

Substance. A}. ko. ky. P. Ay P. 
MOEN cclanstann’s Mieaeasipate 1.000 331 16.63 0.8482 19.60 
Mae cs canctsave my earn ievevesn toners 0.876 364 16.01 0.8073 19.82 
17 OL @ ER ec ay Sean 0.816 358 14.67 0.7427 19.74 
WOO) SHO 5S s005'0 0.356 413 7.39 0.3715 19.86 
VUONH,PO,.3H.O 3... 0.431 502 10.86 0.5468 19.93 
WOS.0;, 2HO: oi<.036. 0: 5:0 0.533 431 11.53 0.5732 20.10 


Mean, 19.84 


In Table I the values of A, and k, are expressed, in each series, 
in terms of the activity of a thick film of U,O, as unity. If, 
instead, the activity of 1 sq. cm. of such a standard film of U,0, 
- will represent the total activity 
of 1 gram of uranium, in terms of this unit. For the first series 
ks 
; 
values found by each of us separately by another method,’ we 
have taken 790 as the most probable value of this constant. The 
total activity of 1 gram of uranium is independent of its form of 
chemical combination and equal to 790 times the activity due to 
1 sq. cm. of a film of pure U,O, sufficiently thick to be of maximum 
activity. 

Assuming that this relation holds true for every pure uranium 
compound, as in all probability it does, we may determine the 
absorption coefficient, k,, of any uranium compound from a 
knowledge of the activity, A,, of a single thick film, of maximum 
activity. 


be taken as the unit, then 


equals 803; for the second, 789. Considering also the other 


The values of k, so found, together with those determined 
directly, are given in Table II, first column. The highest ab- 
1 McCoy: Phil. Mag. [6] 11, 176 (1906). 

2 McCoy: Loe. cit. 
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sorption coefficient, that of potassium uranyl butyrate, is more 
than twice as great as the lowest, that of uranous oxide. The 
magnitude of the absorption coefficient depends upon the chemical 
composition of the compound. Absorption is found to be an 
atomic property; for each clement, independent of its form of 
chemical combination, there is a definite absorption coefficient. 


TABLE II. 
he. he. oe. i - 
obs. calc. Vw Cc. obs. cale. 
Osi iictewib os di nicieesersie 310 288 0.0866 3580 1.126 1.210 
WO gs (00) 0015 s0le dieie die 331 310 0.0930 3560 1,000 1.081 
NU Oyo cte onwwie nae ere 358 364 0.1093 3280 0.816 0.808 
BOO EEO coco: ols ove 362 371 0.1116 3240 0.765 0.745 
BRO gsc cietcib orate sie ch erskers 364 335 0.1006 3620 0.876 0.952 
OO 24 5 20 SURREY arererar 373 367 0.1103 3380 0.785 0.796 
QUO) AO). ie: 3 ions 392 396 0.1186 3310 0.591 0.585 
SEUOe SEO co. sce 406 382 0.1149 3530 0.651 0.692 
UO,0O,) BO... 413 396 O.1IQI 3470 0.356 0.370 
540 Se eee or 417 414 0.1178 3350 0.714 0.705 
WOS OL 2HOWs 664.20: 431 469 0.1408 3060 0.533 0.483 
| IOV 2 20 492 512 0.1535 3200 0.362 0.327 
UO,(NO,)..24H,O .... 493 530 0.1589 3100 0.436 0.406 
U0,(NO,),.3H,O .... 502 552 0.1654 3030 0.411 0.374 
UO,NH,PO,.3H,O.... 502 567 0.1619 3100 0.431 0.381 
BUOC2HO i. 02. 506 454 0.1364 3710 0.352 0.392 
WOO SEO «6:05:67 507 519 0.1560 3250 0.455 0.438 
LAGOA Gs (3 2 RP 517 517 0.1552 3330 0.369 0.368 
1 AL) O19 2) EA perarecer 531 524 0.1572 3380 0.285 0.291 


BUO(SO)), 2EO. ...:. §3n 527 0.1582 3360 0.302 0.304 
BaUO,(C,H,0,),.2H,O 551 557 0.1669 3300 0.320 0.317 





NaUO(CEO.)s. «255% 561 578 0.1742 3220 0.357 0.347 

KRUO(CLE.O.).. ..0:.5<:. 573 570 0.1718 3340 0.339 0.340 

KUO(C.0))..3FO... §82 573 0.1723 3380 0,280 0.284 

BUCO (CON. <6 osc 599 629 0.1891 3110 0.297 0.283 

BUO (COs csieiciss 633 679 0.2038 3170 0.260 0.242 
Mean, 3330 


If P is the weight of any element in 1 gram of a uranium com- 
pound, and & is the absorption coefficient of that element, kP is 
the partial absorption due to that element and the sum of all 
such partial values, or =kP, is equal to the absorption coeffi- 
cient of the compound. That is 

- 3kP=k,. (5) 
The coefficients for uranium and oxygen, k, and k,, may be 
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calculated by means of equation (5) from the absorption coeffi- 
cients of the oxides UO, and UO,, which have 88.2 and 80.7 per 
cent. of uranium respectively. 

0.882 k,, +0.118 k, =310 

0.807 k,,+0.193 k, =364. 

Therefore k,,=225 and k, =864. From these values the coeffi- 
cient of U,O, (84.8 per cent. of uranium) is calculated to be 322, 
which is in good agreement with the value found, 331. 

It is found that the product of the absorption coefficient of any 
element by the square root of its atomic weight is very nearly 
constant. Thus for uranium, 225 XV 238.5=3476; and for 
oxygen, 864] 16=3456. Calling this constant C, and the 
atomic weight of any element W, 


ky W=C. (6) 
Equations (5) and (6) give 
ky=C( By )s (7) 
and 
- ke — 
C=, PF. (8) 
VW 


The fourth column of Table II contains the values of C calcu- 
lated by equation (8). The mean value of the constant, C, for 
all determinations is 3330. The average deviation from the mean 
is 4.9 per cent. Column 2 of Table II contains the values of 
k, as calculated by means of equation (7) which now becomes 





P 
ky = 3330 OW (7a) 


The activity, A,, of a thick film of any uranium compound 
may be calculated in a very simple way from its composition. 
Equations (4) and (7a) give by combination, 


0.1186 P,, 
A,= ee P < (9) 


a Vw 








The last two columns of Table II give the values of A, as directly 
observed and as calculated by equation (9). The average differ- 
ence between the values of k, or of A, as observed and as calculated 
is 4.9 per cent. There are at least three possible sources of ex- 
perimental error: (1) the measurement of radioactivity; (2) the 
presence of UX; (3) the determination of the composition. It is 
probable that the experimental error involved in the determina- 
tion of the activity of any film in terms of the standard is not over 
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one per cent.inanycase. All of our experiments have been made 
with uranium from which UX had not been removed. The 
ionization due to the 3-rays of UX is very slight, but has not been 
deducted. Some of the divergencies from the square-root law of 
absorption may therefore be due to the effect of the §-rays. 
Most of the substances studied were analyzed for uranium only 
and the percentages of the other constituents calculated from the 
chemical formulas. This procedure involved, of course, ap- 
preciable errors in cases of compounds not strictly pure and free 
from absorbed moisture. The results, here presented, are to be 
considered as preliminary; we are therefore not able at present to 
decide whether the square root law is exact or only approxi- 
mate. 

The absorption of the a-rays in the active film itself is closely 
connected with the ‘‘loss of range’’! of a-rays in their passage 
through a screen of inert matter, covering the radioactive film. 
Bragg and Kleeman? have found, for a-rays, that the ‘‘loss of 
range” in passing through an atom of such a screen is an additive 
atomic property, which is independent of the state of chemical 
combination and proportional to the square-root of the atomic 
weight. There would, therefore, seem to be a very intimate 
relationship between ‘‘loss of range”’ and absorption, yet Bragg and 
Kleeman are of the opinion that the ordinary conception of an 
absorption coefficient for a-rays is erroneous. But our own 
results on the determination of absorption coefficients of pure 
uranium compounds have shown such good agreement with the 
logarithmic law of absorption that we can not avoid thinking 
that the law is, at least, very approximately correct. 

Recently Marckwald* has made the interesting observation 
that certain very fluorescent double salts of uranium, notably 
the double nitrate with potassium, send out light rays. He 
determined this by the photographic method. When the salt 
was tested in the electroscope by Marckwald, the activity was 
found to be of the order of magnitude to be expected, judging 
from the activity of the simple nitrate. Marckwald inclines to 
the view that the emission of light is to be explained by the con- 

1 The range is the maximum distance from the active film at which the 
rays produce gaseous ionization. 
? Phil. Mag. [6] 10, 318 (1905). 
> Ber. 39, 200 (1906). 
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version of a part of the radioactivity into luminous energy. We 
have found the direct determination of k, and k, for potassium 
uranyl nitrate to be impracticable, on account of the impossibility 
of making uniform thin films. The activity of a thick film was 
found to be 0.369, which is in almost exact agreement with the 
calculated value, 0.368 (Table II). It is therefore probable that 
the proportion of radioactive energy converted into luminous 
energy is, at most, very small. 

Our conclusions may be summarized as follows: 

(1) Absorption of radioactivity is, like activity itself, an 
atomic property, independent of the form of chemical combina- 
tion. 

(2) The absorption by unit weight per unit area is, for any 
element, inversely proportional to the square-root of its atomic 
weight. 

(3) The radioactivity of a thick film of any pure uranium com- 
pound may be calculated from a knowledge of its chemical com- 
position. 


A REVISION OF THE ATOMIC WEIGHT OF MANGANESE. 
By GREGORY PAUL BAXTER AND MURRAY ARNOLD HINES. 
Received August 2, 1906. 

THE following table, taken from Clarke’s ‘‘A Recalculation of 
the Atomic Weights’? gives a brief resumé of previous work 
upon the atomic weight of manganese which has other than 
historical interest. 


O = 16.000 

Berzelius: Ann. Physik. Chem. 18, 74 (1830). 

ECE ACI ss ssnvsnsecnsedavecscseseass 55.12 
Turner: Trans. Roy. Soc. Edinb. 11, 143 (1831). 

NCI ONGC! bss wcsaccvincsecsaccssssess 54.92 
Dumas: Ann. Chem. Pharm. 113, 25 (1860). 

SASSI sooo cnnainscnccauienel ossosessess 54.98 
von Hauer: J. pr. Chem. 72, 360 (1857). 

DEBS O SING, seca. co-dscaddsewscsapesnses 54.91 
Schneider: Ann. Physik. Chem. 107, 605 (1859). 

EN OC sancnc suc semcnecadavassesecvesaseene 54.03 
Rawack: Ibid. 

AO 5 PIO). sss sinavecciosansnacactaccsscects 54.08 
Dewar and Scott: Proc. Roy. Soc. 35, 44 (1883). 

AEM nO VAGMNO 3... .50scc0cccsesceessese 54.86 


1 Smith. Misc. Coll., Constants of Nature, Part V, p. 283 (1897). 
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ANNO, 5 DIS Biiiscccseccesasacecuqacapseone 55-02 
Marignac: Arch. sci. phys. nat. [3] 10, 21 (1883). 

ERG) NE SO pin. a2 cesdescrcssacescaceseecwes 55.01 
Weeren: Dissertation, Halle (1890). 

DERG © NGS Os a ccdcicncnacennesssccencavss 55.00 

PSS WENO, cc <c sdcndccdedecesssessuvacs 55-00 


From these results Clarke computes the most probable value 
to be 54.987. 

The close agreement of the greater part of these determinations 
is striking, the experiments of Schneider and Rawack being the 
only ones which indicate a value for manganese very different 
from 55.0. The variations of their results from the others is not 
surprising, however, since manganoso-manganic oxide and man- 
ganous oxalate, with which they worked, are undoubtedly difficult 
to obtain in a pure condition. The remaining determinations 
all fall within limits 0.26 of a unit apart, and all but two agree 
within 0.16 of a unit. Our present knowledge concerning the 
variety of atomic weights upon which the above determinations 
are based is not sufficiently certain! to lead to the expectation of 
closer agreement from such widely different methods. 

For this investigation the substances chosen for examination 
were manganous chloride and bromide, since the analysis of 
halogen compounds may be effected with great accuracy. Further- 
more, these compounds have not been investigated by any of the 
more recent experimenters except Dewar and Scott,? who per- 
formed one analysis each of the chloride and bromide and ob- 
tained the values 54.91 and 54.97 respectively. 

PURIFICATION OF MATERIALS. 

Water.—All of the water used in either the purification or the 
analyses was twice distilled, once from a dilute alkaline solution 
of potassium permanganate and then from a very dilute sulphuric 
acid solution. Block-tin condensers were used in both distilla- 
tions and the apparatus contained no rubber or cork connections. 
The water was collected as a rule in Jena glass flasks, although 
for special purposes either platinum or quartz receivers were 
substituted. 

Reagents—Acids and ammonia also were distilled shortly 

1 Richards and Wells: Publications of the Carnegie Institution, No. 28, 
67 (1905); Report of the International Committee on Atomic Weights, this 
Journal, 28, 6 (1906). 
> Loc. cit. 














1562 GREGORY P. BAXTER AND MURRAY A, HINES, 


before use, either platinum or quartz condensers and receivers 
being employed when necessary. Solid reagents were recrystal- 
lized, usually with centrifugal drainage. 

Vessels.—Special pains were taken in all the work to prevent 
the introduction of alkalies or silica into the purest materials, 
by avoiding as far as possible the use of glass vessels. 

Manganous Bromide.—Four different specimens of manganous 
bromide were employed, which were obtained from different 
sources and were purified in different ways. In the case of 
Samples A and B, purification of the manganese from other heavy 
metals was accomplished by recrystallization of Merck’s ‘‘chemi- 
cally pure’’ potassium permanganate. Sample A was crystallized 
three times only, while Sample B was thus treated ten times, 
the last two crops of crystals being thoroughly drained from the 
mother-liquors by means of a centrifugal. 

In order to free the manganese from potassium and convert it 
into the bromide, the following processes were employed with 
Sample A: First the permanganate was dissolved in water and 
was reduced by passing sulphur dioxide into the solution. This 
sulphur dioxide was made by heating copper turnings with con- 
centrated sulphuric acid and was purified from copper compounds 
mechanically carried along by passing through three gas washing- 
bottles, each containing a solution of sulphurous acid, and one 
column of beads moistened with a similar solution. From the 
solution of potassium and manganous sulphates the manganese 
was precipitated by the addition of an alkaline solution of ammo- 
nium carbonate. The manganous carbonate was washed with 
water until the washings were free from sulphates, then it was 
dissolved in nitric acid, which had been redistilled until free from 
chlorine, and the manganous nitrate was recrystallized six times 
from a solution strongly acid with nitric acid, four times in a 
glass vessel, twice in platinuin. Usually it was necessary to start 
crystallization by inoculation, and cooling with ice was found 
advisable for the sake of economy in material. From a dilute 
solution of the purified nitrate in a platinum vessel, the man- 
ganese was again precipitated as carbonate, by means of ammo- 
nium carbonate which had been freshly made by passing pure 
carbon dioxide into distilled ammonia in a platinum flask. The 
resulting manganous carbonate, after thorough washing with 
water containing a small amount of ammonia to prevent colloidal 
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solution of the carbonate, was readily converted into bromide 
by solution in hydrobromic acid. Since it was probable that the 
carbonate contained occluded nitrate, and since a portion of the 
material had been oxidized to the manganic state during the 
washing, it was obvious that bromine would be set free during 
the solution in hydrobromic acid. The use of a platinum vessel 
for this purpose was therefore precluded. In order to avoid the 
introduction of silica, instead of glass vessels, quartz dishes were 
employed. ‘These have been shown to be practically insoluble in 
acid solutions. The free bromine was expelled from the solution 
of manganous bromide by prolonged heating on a steam-bath in a 
quartz dish. Finally it was crystallized six times, thrice in 
quartz, and, after filtration with a platinum funnel, thrice in 
platinum with centrifugal drainage after each crystallization. 
The crystals were dried as far as possible over stick potash in a 
vacuum desiccator. From the mother-liquors, by means of six 
similar crystallizations, Sample A, was obtained. 

In the conversion of Sample B from permanganate to bromide 
minor changes were introduced. The ammonium carbonate 
was prepared in a pure state by distilling a solution of commercial 
ammonium carbonate in a platinum still. Instead of expelling 
free bromine from the solution of manganous bromide by pro- 
longed heating upon the steam-bath, the solution was evaporated 
as far as possible upon the steam-bath and the residue was heated 
to 200° in an electric oven. ‘The bromide was dissolved in water, 
and after filtration of the solution, was crystallized three times 
ina platinum dish. The third crop of crystals is designated as 
Sample C,. 

Sample C, was prepared from a commercial specimen of pyro- 
lusite. This was first dissolved in hydrochloric acid and the 
solution was boiled to expel chlorine. Hydrogen sulphide was 
passed into the diluted solution of manganous chloride to satura- 
tion, and the precipitate of sulphur and sulphides was removed 
by filtration. After the excess of hydrogen sulphide had been 
expelled by boiling, the solution was fractionally precipitated 
with sodium hydroxide until the precipitate was free from iron. 
Finally, the manganese was precipitated’ with ammonium car- 
bonate and the precipitate was washed and dissolved in nitric 

1 Mylius and Meusser: Z. anorg. Chem. 44, 221 (1905). See also page 
1565 of this paper. 














1564 GREGORY P, BAXTER AND MURRAY A. HINES. 





acid. The nitrate was recrystallized and converted into bromide 
exactly as in the case of Sample A. 

The source of Sample D was Merck’s ‘‘chemically pure’’ man- 
ganous sulphate. A solution of 500 grams of this salt was first 
saturated with hydrogen sulphide, and the precipitate, which 
consisted chiefly of manganous sulphide, was removed by filtra- 
tion. After the addition of a small amount of ammonia, hy- 
drogen sulphide was again passed into the solution to saturation, 
and the precipitate discarded. In a similar way third and 
fourth fractions of sulphide were removed. Next the solution 
was thrice fractionated with small portions of potassium hy- 
droxide, the precipitate being rejected in each case. Then the 
manganese was twice precipitated as carbonate by means of 
ammonium carbonate and the manganous carbonate was con- 
verted into bromide exactly as in the case of Sample B. The 
first crop of thrice recrystallized bromide is designated Sample 
D,, a second similar crop obtained from the mother-liquors is 
Sample D,. 

Manganous Chloride—Two samples of manganous chloride 
were prepared. Sample B corresponded in its purity to Sample 
B of manganous bromide, since both were made by dissolving the 
same specimen of manganous carbonate. The solution of the 
carbonate in hydrochloric acid, which had been distilled with a 
quartz condenser, was evaporated to dryness in a quartz dish and 
was heated to 200° in an electric oven. Then the filtered aqueous 
solution was evaporated to crystallization in a platinum dish 
and the first crop of crystals was twice recrystallized (Sample 
B,). The mother-liquors also yielded a crop of thrice recrystal- 
lized salt (Sample B,). 

The mother-liquors of the manganous nitrate of Samples B 
and D were combined and recrystallized six times, three times in 
glass and three times in platinum, and from this pure nitrate 
Sample E, of manganous chloride was prepared as above. 

Hydrobromic Acid—Commercial bromine was freed from 
chlorine by twice converting the bromine into hydrobromic acid 
by means of thoroughly washed hydrogen sulphide and water, 
and heating the hydrobromic acid, after distillation, with re- 
crystallized potassium permanganate. The bromine was thus 
twice distilled from a bromide, the bromide in the second dis- 
tillation being almost free from chloride. Iodine was eliminated 
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by boiling the hydrobromic acid in each case with a small quantity 
of permanganate and rejecting the bromine set free. A portion 
of the final product, when converted into ammonium bromide by 
means of ammonia, and added to a solution of 3.46875 grams 
(in vacuum) of pure silver, yielded 6.03855 grams (in vacuum) 
of fused silver bromide, whence the ratio of silver to silver bromide 
is 57.443, While 57.445 is the value to be expected.’ 

By treating this bromine, covered with water, with washed 
hydrogen sulphide, hydrobromic acid was again produced. The 
solution was boiled, after mechanical separation of the greater 
part of the free sulphur and bromide of sulphur, and was then 
filtered. In order to remove the sulphuric acid produced during 
the action of the bromine upon the hydrogen sulphide, the hy- 
drobromic acid was first distilled. Then it was diluted, and a 
small quantity of recrystallized barium hydroxide was added to 
precipitate last traces of sulphuric acid. The slight precipitate 
of barium sulphate was collected upon a filter, and the acid was 
three times distilled with rejection of the first and last portions, 
with a glass retort and condenser. Finally the acid was once 
distilled with the use of a quartz condenser. The product of the 
final distillation was collected in quartz vessels and was used 
immediately for dissolving the manganous carbonate. That 
this acid was free from solid impurities, such as alkalies and silica, 
was shown by evaporating 30 cc. in a weighed platinum crucible. 
No weighable residue remained after the crucible had been heated 
to very dull redness. 

Hydrochloric Acid—The ‘‘chemically pure” acid was boiled 
for some time, after the addition of a small quantity of potassium 
permanganate. Then it was twice distilled in glass, the middle 
portion only being collected, and finally once in quartz shortly 
before use. 

Nitric Acid.—This acid was twice distilled, all but the last 
third of the distillate being rejected in each distillation. This 
acid gave no test for chloride in a nephelometer. 

Silver —Five different specimens of silver were employed, a 
portion of each one of which had already been used in an atomic 
weight research, and had been shown to be of the highest grade of 
purity. Two of these specimens, Samples H and J, were used 

1 Baxter: ‘“‘A Revision of the Atomic Weight of Bromine,” Pr. Am. Acad. 
42, 201 (1906). 
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in an investigation upon the atomic weight of iodine by one of 
us.1. Sample H was prepared from silver nitrate which had been 
seven times recrystallized from nitric acid, five times recrystal- 
lized from water, and finally precipitated with ammonium for. 
mate. Sample J was precipitated once as silver chloride, elec. 
trolyzed once, and finally precipitated with ammonium formate, 
Sample K was employed in our investigation upon the atomic 
weight of cadmium.? This sample was thrice precipitated as 
silver chloride and once electrolyzed. Sample L was precipitated 
once as chloride, once as metal by ammonium formate and was 
once electrolyzed. This sample has been used in the analysis of 
cadmium bromide.* Sample M was prepared for an investigation 
upon the atomic weight of bromine, and had been twice elec- 
trolyzed after a preliminary purification.* Samples H, J and L 
also were used in the latter research, and were found to give values 
identical with those obtained with sample M. All five samples 
were finally fused in a current of pure hydrogen in a lime boat. 
The fused lumps were cleaned with dilute nitric acid, cut into 
fragments either with a clean steel chisel and anvil, or with a 
jeweler’s saw, treated with dilute nitric acid until free from iron, 
washed, dried, and finally heated to about 300° in a vacuum, 
THE ANALYSIS OF MANGANOUS BROMIDE. 


The method of analysis was essentially that already frequently 
employed in this laboratory for the analysis of metallic halides. 
Weighed portions of the halides, after fusion in hydrobromic or 
hydrochloric acid, were first titrated against weighed portions of 
pure silver. Then the precipitated silver salts were collected 
and weighed. 

The apparatus used for the fusion of the manganous bromide in 
a current of nitrogen and hydrobromic acid gases, was used in the 
preparation of ferrous bromide by one of us,* and is a modification 
of apparatus used for a similar purpose in determinations of the 
atomic weights of cobalt,® nickel,’ and uranium® in this labora- 


} Baxter: Pr. Am. Acad. 41, 78 (1905). 

? Baxter and Hines: This Journal, 27, 225 (1905). 
3 Baxter, Hines and Frevert: Ibid. 28, 770 (1906). 
* Baxter: Pr. Am. Acad. 42, 207 (1906). 

5 Baxter: Ibid. 39, 246 (1903). 

6 Richards and Baxter: Ibid. 33, 117 (1897). 

7 Richards and Cushman: Ibid. 33, 99 (1897). 

8 Richards and Merigold: Ibid. 37, 378 (1902). 
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tory. A mixture of air and ammonia was passed over heated 
rolls of copper gauze and the excess of ammonia was removed 
by means of sulphuric acid. The gas was then purified and dried 
in an apparatus constructed wholly of glass, with ground joints, 
which consisted of a tower filled with beads moistened with silver 
nitrate solution to remove sulphur compounds, two similar 
towers containing dilute sulphuric acid to eliminate last traces of 
ammonia, and two towers filled with granular fused potassium 
hydroxide to absorb moisture and carbon dioxide. The partially 
dried gas, after bubbling through pure bromine in a small flask, 
passed into a second flask containing hydrobromic acid in which 
washed red phosphorus was suspended, to convert the bromine 
into hydrobromic acid. A U-tube, also containing red phosphorus 
and hydrobromic acid, removed traces of bromine which escaped 
reduction in the flask. Two additional U-tubes containing beads 
moistened with concentrated hydrobromic acid only, served to 
eliminate phosphorus compounds which, in the investigation upon 
ferrous bromide,t were found to accompany the hydrobromic 
acid if the phosphorous acid in the reduction flask was allowed 
to become very concentrated. Finally the mixture of nitrogen 
and hydrobromic acid gases was thoroughly dried, first by pure 
fused calcium bromide, and then by resublimed phosphorus 
pentoxide. 

The manganous bromide, contained in a weighed platinum 
boat, was heated gently in a current of nitrogen, purified as above 
and dried by phosphorus pentoxide, until the greater part of the 
crystal water was expelled, then strongly in a current of nitrogen 
and hydrobromic acid until fused. After the salt had cooled, 
the hydrobromic acid was displaced by nitrogen and this in turn 
by air which had been passed over solid potassium hydroxide, 
concentrated sulphuric acid and phosphorus pentoxide. As 
stated before, the purifying apparatus was constructed wholly 
of glass, in such a way that by means of stop-cocks any one gas 
or mixture of gases could be employed, to the exclusion of the 
others. The boat was then transferred to the weighing-bottle 
in which it was originally weighed, and the stopper was inserted 
without an instant’s exposure of the salt to moisture, by means 
of the bottling apparatus which has been frequently described in 


1 Loc. cit. 
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papers from this laboratory... The weighing-bottle was then 
allowed to stand in a desiccator near the balance case for some 
time before it was weighed. 

Next the boat was transferred to a flask and the salt was dis- 
solved in about 300 cc. of the purest water. The weighing-bottle 
was rinsed and the rinsings were added to the solution. Then 
the solution was filtered into the glass stoppered precipitating 
flask through a tiny filter to collect a trace of insoluble matter, 
and the filter-paper and residue were ignited in a weighed porcelain 
crucible. 

From the weight of manganous bromide very nearly the req- 
uisite quantity of pure silver could be calculated. ‘This silver 
was weighed out and dissolved, in a flask provided with a column 
of bulbs to prevent loss of silver by spattering, in distilled nitric 
acid diluted with an equal volume of water. After the silver was 
dissolved, the solution was diluted to twice its volume and was 
heated until free from nitrous fumes. Then it was still further 
diluted until not stronger than 1 per cent., and was slowly added 
with constant stirring to the 1 per cent. solution of manganous 
bromide in the precipitating flask. After having been shaken for 
some time, the solution was allowed to stand several days, one 
week in the case of Analyses 14 and 15, with occasional shaking, 
until the supernatant liquid was clear. Thirty cc. portions of the 
solution were then tested with hundredth-normal solutions of 
silver nitrate and sodium bromide in the nephelometer for excess 
of bromide or silver, and, if necessary, either standard silver 
nitrate or sodium bromide solution was added, and the process 
of shaking and testing repeated, until the amounts of bromide 
and silver in the solution were equivalent. If the solution was 
perfectly clear when tested, and contained no considerable excess 
of bromide or silver, the test solutions were discarded, since they 
contained only negligible amounts of silver bromide, otherwise 
they were returned to the flask and a correction was applied for 
the silver bromide thus introduced. 

As soon as the exact end-point of the titration had been found, 
about four centigrams of silver nitrate in excess were added to 
precipitate dissolved silver bromide, and the flask was again 
shaken and allowed to stand until clear. The precipitate of silver 
bromide was collected upon a weighed Gooch crucible after it 
1 Richards and Parker: Pr. Am. Acad. 32, 59 (1896). 
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had been washed with water by decantation about ten times. 
Next it was heated for several hours at 140°, then for two hours 
at about 230° in an electric air-bath, and, after it had cooled in a 
desiccator, it was weighed. In order to determine how much 
moisture was retained by the precipitate, in each case it was 
transferred as completely as possible to a clean porcelain crucible 
and weighed ; then the salt was fused by heating the small crucible, 
contained in a large covered crucible, and again weighed. The 
fused salt was light yellow as a rule, showing that no appreciable 
reduction had taken place. The asbestos mechanically detached 
from the Gooch crucible together with a minute quantity of 
silver bromide which occasionally escaped the crucible, was 
collected from the filtrate and wash-waters upon a small filter, 
the ash of which was treated with nitric and hydrobromic acids 
before weighing. Although the filtrates and first wash-waters 
were essentially free from dissolved silver bromide, the sub- 


sequent wash-waters usually contained a trace of silver bromide. 


The amount of dissolved salt was determined with the nephelom- 
eter by comparison with standard bromide solutions. 

Several difficulties were met in carrying out the analyses. In 
the first place it proved difficult to wash the platinum boat ab- 
solutely clean. When rinsed with cold water only, and dried at 
100°, the weight was in many cases a few hundredths of a milli- 
gram greater than before fusion of the bromide. Ignition to 
redness of the boat thus treated then produced a slight loss in 
weight. Rinsing with hot water reduced the gain in weight of 
the boat after drying but did not wholly prevent a slight loss on 
ignition. The cause of the variation was not discovered, hence 
it seems safer in the calculations to use the weight of the boat 
after drying. The total variation is so slight, however, that it 
scarcely affects the final result. 

Two other difficulties arose from the fact that when a solution 
of a manganous salt, even as dilute as the filtrates from analyses, 
is filtered through filter-paper, in spite of long-continued washing 
a small amount of manganese is tenaciously retained by the 
paper. This was discovered from the fact that the asbestos 
residues always contained manganese. In Analyses 31 to 33 it 
was found possible to eliminate the manganese completely by 
washing the filter finally with 5 per cent. hydrobromic acid. In 
two cases (Analyses 29 and 30) the resicues were analyzed for 
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manganese and were found to contain 0.00023 and 0.00057 gram 
of Mn,O, respectively. 

The average of these two quantities is, however, larger than the 
total residue in some cases, hence this value can not be used to 
correct the previous analyses. In order to determine accurately 
the proper correction for this error, a solution containing man- 
ganous nitrate in the proportion in which it was usually contained 
in the filtrate of an analysis, was passed through filter-paper and 
the filters were then washed as thoroughly as possible with water, 
The ash of these papers invariably contained manganese, the 
weights of manganic oxide in several experiments being found to 
be 0.00018, 0.00011, 0.00006, 0.00018 and 0.00005 gram with an 
average of 0.00012 gram. This quantity was subtracted from the 
weight of asbestos shreds in all cases except Analyses 31 to 33, 
where the paper was washed with hydrobromic acid. 

The residue obtained by the filtration of the manganous bromide 
proved to contain manganese and to be free from detectable 
amounts of platinum and silica. Probably this insoluble residue 
consisted chiefly of oxides of manganese, although prolonged 
fusion in hydrobromic acid failed to reduce materially the propor- 
tion of insoluble matter. The discovery of adsorption in the case 
of manganous nitrate led to the suspicion that at least a portion 
of this residue was due to adsorption of manganese compounds 
by the filter-paper. In order to test this point a solution of 
manganous bromide, containing about 5 grams in 200 cc., after 
one filtration was again filtered through a second filter about 
3 cm. in diameter. Filters of this size were used in filtering the 
manganous bromide solution in the analyses. This filter was then 
washed with water as thoroughly as in an analysis, and was 
ignited. The weight of manganic oxide obtained was 0.00008 
gram. Two repetitions of the experiment yielded 0.00008 and 
0.00010 gram respectively. If, as is probable, the manganese is 
adsorbed, not as bromide, but as some basic compound, possibly 
as manganic hydroxide, the bromine would have remained 
partially, if not wholly, in the solution. In that case a suitable 
correction could be applied by subtracting from the weight of the 
residue the average of the quantities of manganese adsorbed in 
the above experiments. An attempt to prevent the difficulty by 
adding dilute sulphuric acid to the solution of manganous bromide 
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did not diminish the extent of the adsorption. Hence a negative 
correction of 0.00009 gram is applied to the residues in all cases. 
THE ANALYSIS OF MANGANOUS CHLORIDE. 


The apparatus employed for the fusion of manganous chloride 
was very similar to that used in the fusion of the bromide. Hy- 
drochloric acid gas was generated by dropping concentrated 
sulphuric acid into concentrated hydrochloric acid. The gas was 
freed from spray in a gas washing-bottle, and was dried in five 
towers filled with beads moistened with concentrated freshly 
boiled sulphuric acid. From the towers the gas passed into the 
bottling apparatus in which the salt was fused in a current of 
hydrochloric acid and bottled in pure dry air as described above. 
This apparatus also was made wholly of glass with the exception 
of the air-drying towers which were closed with rubber stoppers. 
Since the salt was not heated in air no error could arise from this 
source. 

In a few preliniinary experiments the hydrochloric acid gas was 
passed finally over freshly sublimed phosphorus pentoxide, but 
this drying agent was subsequently eliminated since it was found 
to introduce volatile phosphorus compounds into the hydro- 
chloric acid and thus into the manganous chloride, if the latter was 
moist. The effect of this difficulty upon previous work in this 
laboratory in the case of the analysis of chlorides which were fused 
in a current of hydrochloric acid gas, has been discussed else- 
where,! and has been shown to have been negligible. In the same 
place it has also been shown that hydrochloric acid gas attacks 
sulphuric acid to so slight an extent that the latter may safely 
be used to dry the former. 

Although at first sight it is to be expected that hydrobromic 
acid, if dried by means of phosphorus pentoxide, would act upon 
this substance in a way similar to the action of hydrochloric 
acid gas, it has been shown? that no such difficulty exists if the 
hydrobromic acid is as dilute as in our work, the maximum con- 
centration attainable by passing nitrogen through bromine at 
ordinary temperatures and then over phosphorus being not 
greater than 30 per cent. by volume. 

The principal point of difference between the analyses of man- 
ganous bromide and manganous chloride was occasioned by the 
1 Baxter, Hines and Frevert: This Journal, 28, 779 (1906). 

* Ibid. 28, 781 (1906). 
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greater solubility of silver chloride. This introduced no difficulty 
in the case of the titrations, although the opalescence in both 
nephelometer tubes was of course more marked at the end-point, 
In order to make the precipitation of the silver chloride more 
complete, however, a much larger excess of silver nitrate was 
necessary than in the case of silver bromide, about fifteen hun- 
dredths of a gram being added in each analysis. Furthermore, the 
precipitate was washed at first with a solution of silver nitrate 
containing four hundredths of a gram in a liter, although the 
final six washings were performed with water. The silver chloride 
dissolved in both filtrate and washings was determined by com- 
parison as previously described. Here even the filtrate showed a 
trace of dissolved silver chloride. 

In the case of manganous chloride also the extent of the ad- 
sorption of manganese compounds by the filter-paper was in- 
vestigated by filtering a solution of the salt through a filter-paper, 
and, after thoroughly washing the paper, determining the residue 
after ignition. The correction for adsorption thus found, 0.00006 
gram, is in some cases larger than the weight of the residue minus 
the loss in weight of the boat, owing possibly to the fact that not 
all the platinum lost by the boat is collected upon the filter-paper. 
At any rate the uncertainty introduced by applying the correction 
wherever possible is very small. 

The filter upon which the asbestos shreds were collected was 
washed with warm dilute hydrochloric acid to eliminate adsorbed 
manganese compounds, so that no correction for adsorption is 
here necessary. This acid was then tested for silver chloride with 
the nephelometer, and if any was found it was added to the main 
weight of this substance. 

In Analyses 32, 33, 34, 35 and 38 the silver nitrate was added 
to the manganous chloride, while in Analyses 36 and 37 pre- 
cipitation was performed in the reverse fashion. 

The possibility of the existence of manganic compounds in the 
salts was considered. In order to determine whether or not this 
was the case, one specimen of manganous chloride, after fusion 
in hydrochloric acid, was tested for manganic compounds by 
adding a solution of starch paste and potassium iodide. No 
coloration resulted even after the addition of hydrochloric acid, 
although a trace of permanganate produced immediate coloration 
in the same solution. 
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The fused salts were pink in the case of both the chloride and 
the bromide, hence Forchhammer’s statement that the pink 
color of manganous salts is due to the presence of manganic com- 
pounds is incorrect.* 

It has already been shown that chlorides and bromides which 
have been fused and allowed to solidify in an acid atmosphere 
occlude none of the gas, for they give neutral solutions.’ 

The Nephelometer —The nephelometer employed for the estima- 
tion of slight opalescences has already been described in detail 
by Richards and Wells.* All the precautions necessary for the 
accurate use of this instrument were carefully observed. The 
two tubes to be compared were always of the same size. The 
source of light in the nephelometer was so adjusted that tubes 
containing exactly equal amounts of precipitate gave identical 
readings. It was found advantageous to insert a plate of ground 
glass between the source of light and the test-tubes. In making 
up the test solutions, great pains were taken that the concentration 
of electrolytes in the two solutions and the conditions of pre- 
cipitation should be as nearly as possible the same. Final read- 
ings were taken only after the ratio between the two tubes had 
become constant. 

Vacuum Corrections.—In order to find accurately the vacuum 
corrections for manganous bromide and chloride, it was necessary 
to determine the densities of these two salts. The experiments 
were carried out exactly as described in our determinations of the 
specific gravities of cadmium halides,* with the following results: 


Density of MnBr,. 
Density of Toluene 25°/4° = 0.86156. 
Weight of MnBr2 Weight of toluene 


in vacuum. displaced in vacuum. Density of MnBro. 
Grams, Gram. 25°/4°. 
3.0098 0.5914 4.385 
3.0342 0.5963 4.384 


Average, 4.385 

1 Ann. Phil, N.S. 1, 50 (1821). 

? Richards: Pr. Am. Acad. 29, 59 (1893); This Journal, 24, 376 (1902); 
Richards and Baxter: Pr. Am. Acad. 34, 367 (1899); Baxter and Hines: 
This Journal, 27, 227 (1905). 

5 Am. Ch. J. 31, 235 (1904); 35, 510 (1906). 

* Ibid. 31, 220 (1904). 
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Density of MnCl,. 
Density of toluene 25°/4° = 0.86166. 


Weight of MnCl. Weight of toluene 
in vacuum. displaced in vacuum. Density of MnCl. 
Grams. Gram. 25°/4°. 
1.9436 0.5617 2.982 
2.8532 0.8266 2.974 
3.1202 0.9035 2.976 


Average, 2.977! 
All weights were reduced to the vacuum standard by applying 
the following corrections for each apparent gram of substance. 


Specific gravity. Vacuum correction. 

WIPHES 56, ssccissccssssesnes 8.3 

Do csoesasatesosescncsoes 4.385 -+0.000129 
ei ciicccusnsaee senescence 2.977 -+0.000259 
IBGE S:.scsasasscsdeasscsarse 6.473 +0.00004 1 
PRG n. caeccsscesesateeseses 5.56 -+-0.000071 
UNE econo ceecesesercnesesenne 10.50 —0,000031 
fo | ee 0.862 +0,00126 


The balance was a new Troemner, No. 10, and was easily 
sensitive to one-fiftieth of a milligram with a load of less than 50 
grams. The weights, which were of brass, gold-plated, were 
occasionally carefully standardized to hundredths of a milligram. 
The corrections did not vary with time, however. All weighings 
were made by substitution, with tare vessels as nearly like those 
being weighed as possible. 

The atomic weights involved in the calculations are assumed 
to be as follows: Ag=107.930; Br=79.953;? Cl=35.473.° 


Series I. MnBr, : 2Ag.......... Bieeeacatencorese 54.959 
OS AS) EA OR Bi cscs sacnsconcescdssues 54-955 
‘“ FM. «Minh, 2 2Ae. cciciccccs niccvsneseonens 54.958 
© ORV, COIR Se ACC iiacss.cncscseescsoeenste 54.958 


Average, 54.958 
The close agreement of the averages of the four series is con- 

clusive evidence that no serious error, such as occlusion by the 
silver halides, affected the method of analysis. This is strikingly 
shown by the ratio between the silver used and the silver halide 
obtained in the same analysis. 

1 Shréder obtained the value 2.478. Dichtigkeitsmessungen, Heidel- 
berg, 1873. 

2 Baxter: Pr. Am. Acad., 42, 201 (1906). 

3 Richards and Wells: Publications of the Carnegie Institution, No. 28 


(1905). 
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Ag : AgBr. 


Asialyses OF AHA CISs..<cccsccccessestessessec 57-4438 
BS SD caren ctansrcscscvecaieecs 57-4459 
s Be a” NODE cvs tras hsedtiancsenonsnaes 57-4426 
= BRT cc. sah ccwasunedenteuamenees 57-4425 
o IS Boe co cwsuanesecasauuasedeeas 57-4439 
“ Bi ES ROA Sc asccssesdescesasunaanes 57-4439 
ES OE WER cctases oven vncicccey se 57-4457 
™ BO 29°) 2G ois. ns Sewavcaeese seear ene 57-4432 
a RTP LOU nacwcsansasunasesiaecdees 57-4423 
RO SS Bio. cscesvcsenacasenaseacine 57-4421 
= Bgie OT HID ious. Scneunscunceneewesassa 57-4454 
ve BAY OF ERO cred clatacnewassaaeevass 57-4387 
ae MiG) OS OSE, casdaaensessetacsacesekad 57-4456 


Average, 57.4435 





Average, rejecting analyses 14 and 30, 57.4439 


The most probable value for this ratio has recently been shown 
to be 57.4453." 

Richards and Wells have proved beyond question that the 
ratio of silver to silver chloride is as low as 75.2634,” a value which 
is identical with that obtained from the analysis of manganous 
chloride. 


Ag : AgCl. 

ANALY BCG 32 (ANA S0. 23s ccnciccessecesnccceesse 75.2615 
n RN SEO) NAD cases sudvsveccseasetconees 75.2662 

ee Ba SY CAG ns. ccc sesecwccssstesces 75.2628 

Be eA Res cccenentccsctencsaseswas 75.2607 

ae BOr "SAB 5.1. ssscccsavsemaspsesees 75-2595 

oi ae SS «MA ccccssdacksenexesne seuss 75.2662 

BO) TOP ARE. a. sasassayavecscecstesare 75.2656 


Average, 75.2632 


It is interesting to tabulate the analyses according to the 
specimens of material employed. 


Average of analyses with samples A, and A, of MnBr,.... 54.959 





«“ “ “6 “ B, bs Oe ease 54.958 
“ 7“ oe « © wee 
+ em “ ep" D™ “ 4... 54.9519 
“6 “c “ “c “ B, “cc B, “6 MncCl..... 54.960 
“ “ «“ “ “ Ei si Oe sees AZQ50 





; Average, 54.957 
1 Baxter: Loc. cit. 


2 Loc..cit. 
5 Analysis 30 is rejected. 
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Average of analyses with sample H of Ag.............-..0068 54.958 
as “ os “ eM Seamer or cer rer Terre” 54.961 
as ss s “ $8 RES SOO" ss ccacvineer sesetdne 54.959 
se - = ee Bee Sy creavecsesascacanands 54.959 
ee s “ #6 NE OS rcanctasesucanacesaes 54.958 


Average, 54.959 


The purification of Sample B was exceptionally thorough. In 
the first place potassium permanganate is isomorphous with a 
comparatively limited number of substances, so that the initial 
purification by a large number of crystallizations of this substance 
may be expected to have eliminated every trace of impurity of 
heavy metals. In the second place the final product had been 
many times recrystallized in the form of two other compounds 
of manganese. It is almost inconceivable that any impurity 
could have eluded this large number of crystallizations in three 
different forms. That such a prolonged purification was un- 
necessary is shown by the agreement of the results from the other 
samples with that from Sample B. Even in the case of Samples 
A,C, Dand E the final product had been recrystallized in at least 
two forms. The slightly lower results in the case of Sample D 
differ from the others by an amount no greater than the possible 
experimental error, and can not be considered to indicate that the 
composition of this sample is different from that of the others. 

The various samples of silver also yielded essentially the same 
result, which confirms the statement as to the identity of the 
different samples made on page 1566. 

There can be little doubt that the final average of all four series, 
54.96, represents with accuracy the relation of the atomic weight 
of manganese to that of silver 107.930. This value is in such 
close agreement with the value derived from previous investiga- 
tions, that until the relation of oxygen to silver is more accurately 
known, no change in the atomic weight of manganese need be 
made from the value 55.0, now accepted by the International 
Committee on Atomic Weights. 

The main results of this research may be briefly summarized 
as follows: 

(1) The atomic weight of manganese, referred to silver 107.930, 
is found to be 54.96, by analysis of both manganous bromide and 
manganous chloride. 

(2) The specific gravity of manganous bromide at 25°, referred 
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to water at 4°, is found to be 4.385, and that of manganous chloride 
under the same conditions is found to be 2.977. 

We are deeply indebted to the Carnegie Institution of Washing. 
ton for funds which have made this investigation possible, and 
also to Dr. Wolcott Gibbs and the Cyrus M. Warren Fund for 
Research in Harvard University for many indispensable platinum 


vessels. 


CHEMICAL LABORATORY OF HARVARD COLLEGE, 
CAMBRIDGE, MASs., July, 1906. 
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A REVISION OF THE ATOMIC WEIGHT OF COBALT. 


By GREGORY PAUL BAXTER AND FLETCHER BARKER COFFIN, 


Received August 13, 1906. 
FOURTH PAPER.—THE ANALYSIS OF COBALTOUS CHLORIDE. 


SOME years ago the atomic weight of cobalt was investigated 
in this laboratory by the determination of the ratios of cobaltous 
bromide to silver and to silver bromide,! and of cobaltous bromide, 
cobaltous chloride,’ and cobaltous oxide® to cobalt. From these 
investigations the probable value for the atomic weight of cobalt 
was found to be 58.995 (Ag=107.930), the most satisfactory 
results being obtained through the analysis of cobaltous bromide. 

The determination of the cobalt in cobaltous chloride was 
effected by reduction of the salt in a current of hydrogen. The 
salt was not obtained in a state of absolute purity, and it was 
necessary to apply corrections for the impurities, so that at the 
time very little value was attached to the result, 59.072.‘ In the 
present investigation it has been found possible with the help of 
the newly available quartz apparatus to prepare the salt in a state 
of greater purity, and the analysis of this new material confirms 

1 Richards and Baxter: Pr. Am. Acad. 33, 115 (1897). 

2 Ibid. 34, 351 (1899). 

3 Ibid. 35, 61 (1899). 

* The value found from two analyses was 59.044, upon the assumption 
that the atomic weight of chlorine is 35.456 (Ag = 107.930). Recent deter- 
minations in this laboratory by Richards and Wells (Publications of the 
Carnegie Institution, No. 28, 1905) have shown that the value of the latter 
constant is as high as 35.473. This change in the atomic weight of chlorine 
produces an increase in the atomic weight of cobalt of 0.028. 
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satisfactorily the previous analyses of cobaltous bromide, as 
well as the doubt concerning the earlier results with the chloride. 
PURIFICATION OF MATERIALS. 

Cobaltous Chloride —tThe simplest method of freeing cobaltous 
salts from the salts of other metals was previously found to be 
precipitation of purpureo-cobalt chloride. This substance is 
only slightly soluble in cold hydrochloric acid solutions, but 
readily soluble in hot ammonia. It was prepared by bubbling 
air for several days through an ammoniacal solution of com- 
mercial cobalt chloride, and then adding hydrochloric acid in 
excess. The purpureo-chloride thus precipitated was collected 
and the mother-liquor removed as completely as possible by 
filtration upon a large porcelain Gooch crucible. It was then 
dissolved in hot redistilled ammonia, and the solution was filtered 
into a concentrated, distilled hydrochloric acid solution. The 
product, after washing with hydrochloric acid, was collected upon 
a Gooch crucible as before. 

The final purification consisted in recrystallizing the amine 
three times by solution in the purest redistilled ammonia in a 
platinum dish, and filtration with a platinum funnel into a quartz 
dish containing hydrochloric acid which had been distilled with a 
quartz condenser. Care was taken always to have an excess of 
acid in the quartz dish, while the acid solution was never allowed 
to come in contact with platinum since it probably contained 
free chlorine. The product of the third precipitation was dried 
on a steam-bath, and was then converted into cobaltous and 
ammonium chlorides by heating to about 200° in a quartz cru- 
cible in an air-bath. For the latter purpose platinum proved to 
be unsuited, since it was slightly attacked during the decom- 
position of the amine, while the quartz crucible remained un- 
changed in weight. A temperature high enough to fuse the 
amine was very carefully avoided. The ammonium chloride 
still contained by the cobaltous chloride was eliminated during 
the final heating of the salt in a current of hydrochloric acid gas. 
During this final heating also care was taken to increase the heat 
very gradually, so as to avoid fusion of the salt and consequent 
possible enclosure of ammonium chloride in masses of fused 
cobaltous chloride.1 Cobaltous chloride prepared in this way 
was designated Sample I. 
1Z. physik. Chem. 46, 194 (1903). 
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For preparing the second sample of cobaltous chloride, cobalt- 
amine, which had been at least once dissolved in ammonia and 
reprecipitated with hydrochloric acid, was heated on a steam- 
bath with an excess of sulphuric acid, until all chlorine and hy- 
drochloric acid had been expelled. The cobaltous sulphate thus 
formed was then dissolved in water, the solution was filtered 
and a large excess of ammonia was introduced. In order to free 
the cobalt from alkalies and silica this ammoniacal solution was 
then electrolyzed in a platinum dish, a platinum wire serving as 
anode, and the dish as cathode. The deposit of cobalt was washed 
thoroughly with pure water and dissolved in hydrochloric acid 
which had been freshly distilled through a quartz condenser. 
The solution was next evaporated to crystallization, and the 
product was twice recrystallized. In the third crystallization 
the salt was drained with a centrifugal machine in which platinum 
Gooch crucibles served as baskets and platinum crucibles as 
receivers. Any trace of sulphate occluded by the electrolytic 
metal was effectually eliminated in this way, for the mother- 
liquors from the second recrystallizations, when tested for sul- 
phates, always yielded negative results. 

After superficial moisture had been eliminated in a desiccator 
over potassium hydroxide, the salt was powdered in an agate 
mortar and heated in a platinum dish in an air-bath to expel the 
water of crystallization. The first molecules of water are lost 
below 50° and by keeping the temperature below this point it was 
possible to avoid melting the salt. It has been pointed out by 
Richards’ that a salt dried in this way is left in the form of a 
skeleton which allows the escape of vapor from its inmost re- 
cesses, while if fusion takes place during drying, a portion of the 
original salt may be so enclosed within an impervious coating of 
anhydrous salt that escape of water is impossible. Except. in 
Analyses 3 and 11 the remaining water of crystallization was ex- 
pelled during the final heating of the cobaltous chloride in a 
stream of dry nitrogen and hydrochloric acid gases. Here also 
the temperature was at first so low that melting of the salt was 
completely avoided. The temperature was raised to 400° only 
after apparently all the water was expelled. In Analyses 3 and 
11 all the water was expelled in the air-bath. 

Silver.—Pure silver was prepared in the fashion usually em- 
1 Z, physik. Chem. 46, 194 (1903). 
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ployed in this laboratory as follows: To a dilute solution of silver 
nitrate an excess of hydrochloric acid was added. Tke silver 
chloride was shaken many times with pure water and was then 
reduced to metallic silver by means of a solution of sodium hy- 
droxide and invert sugar. After the metal had been thoroughly 
washed with water, it was fused on charcoal with a blowpipe, 
and the lunips of silver were cleaned by scrubbing with sand and 
etching with nitric acid. Next they were dissolved in redistilled 
nitric acid, the excess of nitric acid was neutralized with re- 
distilled ammonia, and the metal was precipitated with ammo- 
nium formate which had been made from redistilled formic acid. 
After the silver had been washed with pure water until free from 
ammonia, it was again fused in a boat of pure lime before a 
blowpipe. The buttons of silver were then cleaned with nitric 
acid and washed with water. Finally the silver was deposited 
electrolytically, the buttons in turn serving as the anode, a piece 
of the purest silver as the cathode, and a concentrated solution 
of one of the buttons in nitric acid as the electrolyte. The elec- 
trolytic crystals were washed with water and ammonia, dried, 
and fused in a boat of pure lime in a porcelain tube in a current 
of electrolytic hydrogen. The ingots were then cut into pieces 
of convenient size by means of a jeweler’s saw, and were sub- 
jected to prolonged cleansing with successive portions of dilute 
nitric acid, until the acid no longer gave a test for iron, traces of 
which on the surface of the buttons had been introduced from the 
saw. The pieces were further cleaned with ammonia and with 
water, dried in air, and then heated to 300° and cooled in a vacuum, 
They were preserved in a desiccator containing solid potassium 
hydroxide. 
METHOD OF ANALYSIS. 

The cobaltous chloride, contained in a platinum boat, was first 
heated in a current of hydrochloric acid gas in a hard glass tube. 
An apparatus consisting of a series of towers which supplied 
either pure dry hydrochloric acid gas, nitrogen or air was con- 
structed wholly of glass by Dr. M. A. Hines for work upon the 
atomic weights of cadmium! and manganese,? and was kindly 
loaned for this investigation. The hydrochloric acid gas was 

1 Baxter and Hines: This Journal, 27, 222 (1905); Baxter, Hines and 
Frevert : Ibid. 28, 770 (1906). 
? Baxter and Hines: Ibid. 28, 1560 (1906). 
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generated by dropping concentrated sulphuric acid into concen- 
trated hydrochloric acid, and was dried by passing through five 
towers filled with beads moistened with concentrated sulphuric 
acid. Nitrogen was produced by passing a mixture of air with 
an excess of ammonia over heated rolls of copper gauze. It was 
freed from ammonia and further purified by passing through 
three wash-bottles containing dilute sulphuric acid, a tower filled 
with beads moistened with a solution of silver nitrate to remove 
sulphur compounds taken from rubber connections at the begin- 
ning of the apparatus, a tower filled with solid potassium hy- 
droxide, then through three towers filled with beads moistened 
with concentrated sulphuric acid and finally through a tube 
containing resublimed phosphorus pentoxide. The air was 
purified by passing through a tower filled with solid potassium 
hydroxide, then through four towers filled with beads moistened 
with concentrated sulphuric acid, and finally through a tube 
containing phosphorus pentoxide. 

In preliminary experiments in which cobaltous chloride was 
fused in an atmosphere of pure hydrochloric acid gas, the platinum 
boat containing the salt was always seriously alloyed on the 
surface with metallic cobalt. This phenomenon was probably 
due to partial dissociation of the cobaltous chloride vapor which 
was invariably formed in considerable quantities when the salt 
was heated barely to fusion. It was possible to reach a tem- 
perature of 400° without meeting the above difficulty, conse- 
quently this temperature was employed in the preparation of all 
samples for analysis, although the salt was not fused at this 
temperature. 

The salt was heated very gently at first in a current of hydro- 
chloric acid gas containing a small quantity of nitrogen until the 
greater part of the ammonium chloride or water had been ex- 
pelled, without melting the salt. Then the temperature was 
increased until finally the salt was maintained at about 400° for 
at least an hour, usually much longer. After the heating had 
ceased, the mixture of nitrogen and hydrochloric acid was dis-_ 
placed by nitrogen, and this in turn by dry air, and the beat was 
transferred to a weighing-bottle without exposure to moist aif 
by means of the bottling apparatus which has frequently served 
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for a similar purpose in many atomic weight investigations in 
this laboratory." 

The weighing-bottle containing the boat and salt was weighed, 
after it had stood in a desiccator beside the balance case for some 
time. Then the boat was transferred to a flask containing about 
250 cc. of pure water, and the weighing-bottle was rinsed with 
water, the rinsings being added to the solution in the flask. A 
trace of insoluble matter was collected by filtering the solution 
through a tiny filter into a glass-stoppered precipitating flask, 
and the filter was ignited in a weighed platinum crucible. This 
residue, which consisted chiefly of cobalt oxide, never amounted 
to as much as two-tenths of a milligram. In Analyses 1, 2, 9 
and 10 a slight increase in the weight of the boat was caused by 
incipient dissociation of the salt and alloying of the boat. The 
increase was only 0.05 mg. in the case of Analyses 1 and 9, 0.66 
mg. in the case of Analyses 2 and 10. In these cases the weight 
of the boat after solution of the cobaltous chloride in water, 
washing and drying at 100° was determined and used in the 
calculations. These two analyses yielded results essentially 
identical with the remainder. 

From the corrected weight of cobaltous chloride very nearly 
the requisite quantity of pure silver was calculated. This silver 
was weighed out, and dissolved in redistilled nitric acid diluted 
with an equal volume of water in a small flask provided with a 
column of bulbs to prevent loss by spattering. After the solution 
had been diluted with an equal volume of water, the nitrous 
fumes were expelled by gentle heat. Then the solution of silver 
nitrate, after dilution until its concentration was about 1 per 
cent., was poured slowly, with constant agitation, into the solu- 
tion of cobaltous chloride, which also had been diluted to a like 
concentration in the precipitating flask, and the flask was shaken 
for some time. The precipitation and subsequent filtration of 
the silver chloride were carried out in a cupboard made of ruby 
glass. 


After the solution had stood for about two days with occasional 
agitation, and after the supernatant liquid had become perfectly 
clear, 25 cc. portions of the solution were tested with hundredth- 
normal solutions of silver nitrate and potassium chloride in a 


' Richards and Parker: Pr. Am. Acad. 32, 59 (1896). 
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nephelometer’ for excess of chloride or silver, and, if necessary, 
either standard silver nitrate or potassium chloride solution was 
added, and the process of shaking and testing repeated, until the 
amounts of silver and chloride were equivalent. The test solu- 
tions were always returned to the flask since they contained an 
appreciable amount of silver chloride and the weight of silver 
chloride subsequently obtained was corrected for the quantity 
thus introduced. 

As soon as the exact end-point had been found, about one 
decigram of silver nitrate in excess was added, in order to produce 
as complete precipitation of the silver chloride as possible, and 
the flask was again shaken and allowed to stand until clear. The 
precipitate of silver chloride was collected upon a Gooch crucible, 
after it had been washed several times with a dilute solution of 
silver nitrate and finally ten times with pure water. Then it was 
heated in an electric oven for five hours at 180°, cooled in a 
desiccator and weighed. 

In order to determine the moisture still retained by the dried 
silver chloride, in each case it was transferred as completely as 
possible to a porcelain crucible and weighed. Then the salt was 
fused by heating the small covered crucible contained in a large 
crucible and again weighed. 

Although the filtrate and silver nitrate wash-waters were nearly 
free from dissolved silver chloride, the aqueous washings con- 
tained appreciable quantities of this substance. The amount of 
dissolved salt in both filtrate and wash-waters was determined by 
comparison with standard chloride solutions in a nephelometer. 
It has recently been found in this laboratory by Richards and 
Stahler that if the solution is made slightly alkaline with ammonia 
and then is acidified immediately before being tested, more 
accurate results are obtained.” This procedure was followed in 
the greater part of our analyses. The testing took place very 
shortly after the filtration, so that suspended material had no time 
to settle. 

After the filtrate and wash-waters had been analyzed for dis- 
solved silver chloride, they were filtered through a tiny filter to 
collect a small quantity of asbestos mechanically detached from 
the Gooch crucible. This filter was washed with ammonia to 
1 Richards and Wells : Am. Ch. J. 31, 220 (1904). 

2 Ibid. 35, 512 (1906). 
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eliminate the silver chloride, which might have been collected and 
which had been determined in the nephelometric test, and was 
ignited in a weighed platinum crucible. 

For most of the work a new short-armed Troemner balance, 
sensitive to a fiftieth of a milligram with a load of 50 grams, was 
used. The gold-plated brass weights were three times carefully 
standardized to hundredths of a milligram and were used for no 
other work. Weighings were made by substitution with counter- 
poises as nearly like the objects to be weighed as possible. 

In order that the proper vacuum correction for cobaltous 
chloride might be applied, the density of this substance was deter- 
mined by Dr. M. A. Hines in connection with similar work upon 
manganese. The salt was first fused in a platinum boat in a 
current of hydrochloric acid gas, and then the toluene displaced 
was determined with a pycnometer previously described.* 

Density of CoCl,. 
Density of Toluene = 0.86166. 


Weight of CoCl, Weight of toluene 
in vacuum. displaced in vacuum, Density of CoCly. 
Grams. Grams. 25°/4° 
4.8719 1.2522 3.352 
4.6520 I.199I 3-343 





Average, 3.348? 


The following vacuum corrections were applied: Cobaltous 
chloride, +0.000215; silver, —o0.000029; silver chloride, +-0.000073. 

Evidence of the purity of the silver and of the absence of 
appreciable occlusion by the silver chloride may be obtained 
from the relation between the amount of silver used: in the titra- 
tions and the corresponding amount of silver chloride formed. 
In all, 29.46524 grams of silver produced 39.14905 grams of silver 
chloride, a ratio of 100.000 to 132.865. Richards and Wells 
found this ratio to be 100.000 to 132.867. 

Attention should be called to the fact that if the salt made from 
the amine still contained appreciable amounts of ammonium 
chloride after being heated, the observed value for the atomic 


-weight of cobalt would have been too low. On the other hand, 


if the cobaltous chloride made from the crystallized salt retained 
traces of water, the result would have been too high. The average 


1 Baxter and Hines: Am. Ch. J. 31, 220 (1904). 
? Playfair and Joule obtained the value 2.937. Landolt-Bornstein: 
Physikalisch-Chemische Tabellen, 3rd Ed., p. 238. 
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of all the results obtained with salt made from the amine is 58.995, 
and the average of the results with salt made from the crystallized 
chloride is 58.998. The very slight difference between these 
values lies within the experimental error of the determinations. 
Evidently, the salt was in all cases essentially free both from 
ammonium chloride and water. The almost complete absence 
of ammonium chloride was aiso shown by two experiments in 
which the amine was heated in a current of hydrochloric acid in 
the usual manner, and then the salt was dissolved in water and the 
cobalt was precipitated by the addition of ammonia-free sodium 
hydroxide. In one case where 1.76 grams of cobaltous chloride 
were used, the filtered solution, when tested with Nessler’s reagent, 
showed the presence of 0.00025 gram of ammonium chloride, 
while in the other 2.13 grams of cobaltous chloride yielded 0.00005 
gram of ammonium chloride. This proportion of impurity would 
have lowered the observed atomic weight 0.004 in the first case, 
and only o.oo1 in the second. The average 0.003 is exactly the 
difference between the averages from the two samples of material. 
If this correction is applied in the analyses where the cobaltamine 
was used, the averages of both Series I and Series II are raised to 
58.998, a negligible change. 

Whether or not such a correction is applied the average of 
Series I and II confirms very closely the value 58.995 previously 
found by analysis of the bromide, hence the atomic weight of 
cobalt may, as before, be assumed to be 59.00 referred to silver 
107.930. 

We are deeply indebted to the Cyrus M. Warren Fund for 
Research in Harvard University for many platinum, quartz, 
and other vessels. 


CAMBRIDGE, MASS., 
August Io, 1906. 


SEPARATION AND ESTIMATION OF BERYLLIUM. 
By CHARLES LL. PARSONS AND S. K. BARNES. 
Received August 23, 1906. 

THE separation of beryllium from other elements presents 
little difficulty except in the case of aluminum and iron. It will 
invariably be found with aluminum in the last instance, and the 
problem therefore becomes the determination of beryllium in 
such a mixture. 
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Many methods for the separation of beryllium from iron and 
aluminum have been proposed but the one most often used has 
been founded upon the solubility of its hydroxide in ammonium 
carbonate which unfortunately dissolves also some of the hy- 
droxides. of aluminum and iron. Vauquelin’ in 1798 first used 
“ammonium carbonate, but his first separation depended upon 
the solubility of beryllium hydroxide in potassium hydroxide 
and its precipitation on boiling. Gmelin? and Schaffgotsch’ 
both used this same method but it is very far from being accurate, 
Scheerer* first proposed the separation of the last traces of iron 
from the ammonium carbonate solution by means of ammonium 
sulphide. Berthier® suggested the use of ammonium sulphite 
as a reagent but the method was shown to be valueless by Bott- 
inger.° In 1850 Rivot’ proposed the ignition of the oxides in a 
current of hydrogen whereby the iron was reduced to metal and 
could be dissolved out with dilute nitric acid or its mass deter- 
mined by the loss of weight. Debray® developed a separation 
dependent upon the action of zinc on the mixed sulphates pre- 
cipitating the aluminum as a basic sulphate, but the method was 
never made quantitative. Joy® made a comparative study of all 
methods proposed to his time. Gibbs,in 1864 for the first time, 
suggests the use of sodium fluoride to quantitatively separate 
aluminum from beryllium, and Pollok" shows that the fluoride 
separation is exceedingly sharp. Cooke,’ after reducing the iron 
in hydrogen, volatilizes it in a current of hydrochloric acid. Havens 
and Way’ accomplish the same result without previous reduction 
of the oxide. Réssler’* succeeded in separating beryllium from 
small amounts of aluminum by precipitating with ammonium 

1 Ann. chim. phys. 26, 155. 

Ann. Physik. 50, 175. 

Ibid. 50, 183. 

Ibid. 56, 479. 

Ann. chim. phys. [3] 7, 74. 


Ann. 51, 397. 
Ann. chim. phys. [3] 30, 188. 

Ibid. [3] 44, I 

Am. J. Sci. [2] 36, 83. 

Ibid. [2] 37, 346. 

Trans. Roy. Dublin Soc. [2] 1904, 139. 
Am. J. Sci. [2] 42, 78. 
Ibid. [4] 8, 217. 

4 Z, anal. Chem. 17, 148. 
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phosphate in the presence of citric acid. Vincent* uses dimethyl- 
amine to precipitate beryllium salts and finds that the aluminum 
compound is soluble in excess of the reagent. Iron acts like 
beryllium. Renz? confirms this, states the same to be true of 
methyl-, ethyl- and diethylamine, and claims the results to be 
quantitatively accurate. Zimmermann® in 1887 returns to the 
old potassium hydroxide and sulphite or thiosulphate method 
without any special addition. Scheier* in 1892, Atkinson and 
Smith® in 1895 and Burgass® in 1896 separate iron quantitatively 
from beryllium by means of nitroso-@-naphthol. Lebeau’ 
precipitates the iron in nitric acid solution by ferrocyanide, re- 
moves the ferrocyanide by copper nitrate and the excess of copper 
by hydrogen sulphide. Hart* removes the major part of both 
iron and aluminum by careful precipitation of the sulphates with 
sodium carbonate, the beryllium being the last to precipitate, 
owing to the great solubility of its own hydroxide in its own 
sulphate. Havens® separates beryllium from aluminum quan- 
titatively by the insolubility of hydrous aluminum chloride in a 
mixture of hydrochloric acid and ether which has been saturated 
with hydrochloric acid gas. Haber and Van Oordt’® dissolve 
basic beryllium acetate in chloroform, leaving aluminum and iron 
acetates behind. Myers'! removes iron electrolytically from a 
slightly acid solution of the sulphates, using a mercury cathode. 
Parsons and Robinson” separate beryllium basic acetate in a pure 
state from other acetates by means of its ready solubility in hot 
glacial acetic acid and comparative insolubility in the same 
reagent when cold. 
PRELIMINARY INVESTIGATIONS. 

Some qualitative work done by one of us some months ago had 
developed the fact that beryllium hydroxide was readily, im- 
1 Bull. soc. chim. 33, 157. 

2 Ber. 36, 2751. 

5 Z, anorg. Chem. 15, 285. 

* Chem. Ztg. 16, 420. 

5 This Journal, 17, 688. 

6 Z. angew. Chem. 1896, 596. 
7 Compt. rend. 121, 641. 

8 This Journal, 17, 604. 

® Am. J. Sci. [4] 4, 111. 

0 Z. anorg. Chem. 40, 465. 

" This Journal, 26, 1124. 

2 Tbid. 28, 555. 
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mediately and apparently completely separated from aluminum 
and ferric hydroxides by boiling momentarily in a saturated 
solution of acid sodium carbonate. No trace of aluminum could 
be found in the separated beryllium compound by Haven’s 
method’! and the white hydroxide of beryllium or its hydro- 
chloric acid solution showed scarcely a trace of color. The 
object of this investigation was to determine whether or not this 
reaction could be made strictly quantitative. 

Solutions of pure aluminum chloride and pure beryllium chloride 
were made and analyzed, and it was early apparent on attempting 
to get closely agreeing results by precipitating the beryllium as 
hydroxide with ammonia that some source of errorexisted. After 
some experimenting it was found that the beryllium hydroxide, 
when freed of the ammonium chloride present, passed into the 
colloidal condition on washing with pure water and indeed much 
more rapidly than is known to be the case with aluminum. On 
adding a small amount of ammonium acetate to the wash-water 
the difficulty immediately disappeared and no trouble was ex- 
perienced in obtaining well-agreeing results even in fairly strongly 
ammoniacal solution. Small amounts of beryllium hydroxide 
also adhere tenaciously to the glass of the precipitating beaker 
and after as perfect mechanical removal as possible the beaker 
should be treated with a little dilute nitric acid and the contained 
beryllium reprecipitated. Beryllium oxide obtained by blasting 
the hydroxide is somewhat hygroscopic and should be weighed 
with due precautions. 

SEPARATION AND DETERMINATION. 

The method is based on the total insolubility of aluminum and 
ferric hydroxide in a 1o per cent. boiling acid sodium carbonate 
solution and on the total solubility of beryllium hydroxide in the 
same. From the aluminum solution used the aluminum hy- 
droxide was totally precipitated by the boiling hot saturated 
solution of acid sodium carbonate and the beryllium solution gave 
a perfectly clear solution with the same. The acid sodium 
carbonate employed was in the form of small crystals and con- 
tained but a trace of the normal carbonate as indicated by phenol- 
phthalein. 

Portions of the solutions of beryllium and aluminum chlorides 
were weighed out containing amounts convenient to work with, 
1 Loc. cit. 
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and washed from the weighing-bottle into clean Jena beakers of 
250 cc. capacity in which the separation was made. 

The solution was made up to about 100 cc., neutralized as 
nearly as possible with ammonia and 10 grams of solid acid sodium 
carbonate added. Ii the solid carbonate is added to any but a 
cold solution spattering will take place. 

The beakers were kept covered with watch-glasses to prevent 
loss of material by any escaping gas during the heating and the 
solution was brought to a boil as quickly as possible and allowed 
to boil not to exceed one minute. Carbon dioxide is not evolved 
very rapidly till the boiling temperature is nearly reached if the 
solutions are neutral, but evolution of gas must not be mistaken 
for boiling. 

The solution was now set in cold water and cooled, filtered and 
washed two or three times with hot water. The precipitate was 
dissolved on the filter with as little as possible (1:1) hydrochloric 
acid and run back into the same beaker in which the precipitation 
was first made, the solution made up to 100 cc., made neutral 
with ammonia, precipitated again with acid sodium carbonate as 
before, cooled, filtered and washed with hot water, running both 
filtrates together. A cloudiness will be noticed in the combined 
filtrates after washing, which looks as if aluminum hydroxide 
were coming through but this is not the case, the cloudiness being 
due to the dilution of the strong acid sodium carbonate solution 
with water. The aluminum hydroxide was again dissolved in 
(1:1) hydrochloric acid, precipitated with ammonia and deter- 
mined in the ordinary way, as it was found that it was next to 
impossible to wash out all the acid sodium carbonate from the 
gelatinous precipitate. 

The filtrate from the double precipitation, containing the 
beryllium in solution, was carefully acidified with strong hydro- 
chloric acid in a covered beaker as special care was required that 
the escaping gas should not cause mechanical loss. Just before 
neutralization a portion of the beryllium was thrown down as 
hydroxide but this immediately dissolved on addition of more 
acid. The solution was then boiled to remove carbon dioxide 
so that no ammonium carbonate should be formed, precipitated 
with ammonia, boiled, allowed to settle and filtered, washing 
with ammonium acetate solution until free from chlorides. The 














1594 CHARLES L. PARSONS AND §. K. BARNES. 





beryllium hydroxide was ignited to constant weight, which is 
readily attained, and weighed. 
Results follow: 


AloO3 BeO. otal. 
Taken Found. Taken. Found. Taken. Found, 
0.1252 0.1266 0.0818 0.0810 0.2070 0.2076 
0.1323 0.1336 0.0795 0.0781 0.2118 0.2117 
0.0942 0.0957 0.0573 0.0563 0.1515 0.1520 
0.0869 0.0881 0.0610 0.0588 0.1479 0.1469 
0.0907 0.0945 0.0629 0.0594 0.1536 0.1539 


The results are slightly too high in aluminum oxide and corre- 
spondingly low in beryllium oxide although the totals found agree 
closely with the theoretical amounts. The aluminum hydroxide 
showed therefore, as was to be expected, a tendency to occlude 
some beryllium hydroxide. Washing the first and second pre- 
cipitation with hot acid sodium carbonate solution was next 
tried and this seemed to assist in removing the beryllium, although 
small amounts were still left behind in the aluminum hydroxide 
as the following results will show. 


Al,O3. BeO. Total. 
Taken. Found. Taken. Found. Taken. Found. 
0.0840 0.0849 0.0646 0.0642 0.1486 0.1491 
0.0740 0.0749 0.0680 0.0676 0.1420 0.1425 
0.2059 0.2055 0.0972 0.0977 0.3031 0.3032 
0.6152 0.6167 0.0372 0.0348 0.6524 0.6515 
0.1327 0.1346 0.3125 0.3107 0.4452 0.4453 
0.1368 0.1386 0.3050 0.3031 0.4418 0.4417 
0.6233 0.6250 0.0730 0.0714 0.6963 0.6964 


Trials were made of heating the acid sodium carbonate solution 
in pressure flasks so that no carbon dioxide might escape, but the 
results were not satisfactory. 

By the procedure so far followed the mixed hydroxides were 
first precipitated together in the cold and the beryllium hy- 
droxide dissolved in the boiling reagent. This would seemingly 
tend to allow the aluminum hydroxide to so enclose some of the 
solid beryllium hydroxide that the reagent could not act upon it. 
This was particularly the case when relatively large amounts of 
aluminum were present. To overcome this difficulty as much as 
possible, separations were tried by adding the boiling hot mixture 
of the chlorides to a nearly boiling solution of acid sodium car- 
bonate containing enough of the reagent to make the mixed liquid 
an approximately 10 per cent. solution. The whole was then 
brought to a boil, held there for half a minute, cooled and treated 
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as before. By this procedure only the aluminum was precipitated 
as hydroxide and less beryllium was mechanically retained. 
Larger amounts of aluminum were used in this case than before 
and as the results could be interpreted from the beryllium alone 
the aluminum was not weighed. 


BeO. 
Taken. Found. 
O.1311 0.1307 
0.1424 0.1415 
0.2522 0.2515 
0.0671 0.0664 
0.0642 0.0631 


To show the application of this same procedure in the presence 
of iron, ferric chloride was added in variable amounts, both large 
and small, to mixtures of aluminum and beryllium chlorides, 
boiled with a little nitric acid to insure oxidation and the whole 
treated as above. The combined hydroxides of iron and alu- 
minum were several times the mass of the beryllium hydroxide 
yet the separation was almost complete and the resulting beryl- 
lium oxide was analytically pure. 


Beo. 
Taken. Found. 
0.2152 0.2146 
0.0911 0.0906 
0.0825 0.0806 
0.1020 0.0995 


Considering the well-known great tendency of gelatinous hy- 
droxides like those of aluminum and iron to retain other sub- 
stances which may be present, this separation of beryllium leaves 
little to be desired. Care must, of course, be exercised to bring 
the acid sodium carbonate quickly to a boil and to boil for a 
moment only, for if too much carbon dioxide is lost the aluminum 
may partially pass into solution. 

CONCLUSIONS. 

Beryllium hydroxide must be washed with water containing 
an electrolyte to prevent the loss of colloidal hydrate through the 
filter. 

Beryllium can be quantitatively separated from iron and 
aluminum by means of the solubility of its hydroxide in a boiling 
hot solution of acid sodium carbonate of approximately 10 per 
cent. strength. 


NEW HAMPSHIRE COLLEGE, 
DURHAM, N. H., June I, 1906, 














[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY 
OF CINCINNATI, No. 70.] 
THE DETECTION OF BARIUM, STRONTIUM AND CAL- 
CIUM. 
By STANLEY R. BENEDICT. 
Received August 20, 1906. 

THE distinctive features of the following method for the detec- 
tion of the alkaline earth metals may be briefly summarized as 
follows: (1) In contradistinction to most, if not all other, methods, 
it provides for the removal of barium without the use of chromate 
or dichromate, thus giving colorless solutions for the subsequent 
detection of strontium and calcium. (2) It entirely avoids the 
somewhat troublesome operation of filtering solutions containing 
the precipitated sulphates of calcium, barium or strontium. (3) 
The method is very rapid, the manipulation simple, and the re- 
sults positive. The precipitates dealt with filter perfectly clear 
without difficulty. 

The reagents used are saturated potassium iodate solution, 
dilute hydrochloric acid, ammonium oxalate, and saturated 
ammonium sulphate solution. 

As preliminary to an outline of the method, it may be well to 
mention the following facts, upon which it is based. 

Barium iodate, while somewhat soluble in water, is practically 
insoluble in an excess of potassium iodate solution of proper 
concentration, even in the presence of a certain amount of hy- 
drochloric acid. Barium is therefore completely precipitated 
from its solutions by an excess of potassium iodate, in presence 
or absence of dilute hydrochloric acid, the filtrate yielding ab- 
solutely no turbidity with sulphate or chromate solutions. 

Strontium iodate is more soluble in water than is the corre- 
sponding barium compound. Like the barium salt it is com- 
pletely precipitated from neutral or slightly ammoniacal solu- 
tions upon addition of a considerable amount of iodate solution, 
the precipitation taking place somewhat more slowly than with 
the barium compound. Unlike the barium salt however, strontium 
iodate is quite soluble in dilute hydrochloric acid, and strontium 
is therefore only incompletely, if at all, precipitated by an iodate 
from its solutions which have been acidified with dilute hydro- 
chloric acid. 
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Calcium iodate is more soluble than either the barium or 
strontium compound, and is only incompletely, if at all, pre- 
cipitated from neutral, acid or ammoniacal solutions, upon 
addition of an excess of iodate solution. 

The precipitated iodates of all these metals form bulky, 
granular precipitates which filter clear very rapidly. 

An outline for the procedure for the identification of calcium, 
strontium and barium follows. 

A portion (2-3 cc.) of the solution to be tested is acidified with 
one-half its volume of 5N hydrochloric acid, and to the liquid 
thus obtained, its own volume of a saturated solution of potas- 
sium iodate is added. If a precipitate forms at once, barium is 
present. If no precipitate forms, barium is absent. If a pre- 
cipitate forms slowly, either barium is present in low concen- 
tration or strontium is present in considerable amount. In such 
a case the presence or absence of barium should be confirmed by 
the addition of a few drops of dichromate solution to the original 
solution. This confirmation is rarely necessary. 

Having established the presence or absence of barium, the 
solution is agitated and allowed to stand for one-quarter to one-half 
aminute. The precipitate is filtered off, and to a portion of the 
filtrate (not the first portion through the filter) is added a little 
more than an equal volume of a saturated solution of ammonium 
sulphate. The solution is then heated to boiling. A white pre- 
cipitate, permanent on boiling, consists of strontium sulphate and 
indicates strontium. 

To another portion of the original solution is added two volumes 
of a saturated potassium iodate solution, the mixture agitated 
and allowed to stand one-half to one minute and filtered. To 
the filtrate is added some ammonium oxalate solution (one-half 
volume of the ordinary reagent). The solution is now warmed 
to boiling. The formation of a white precipitate (consisting of 
calcium oxalate), either in the cold or upon warming, indicates 
calcium. 

The directions given above apply to neutral or faintly ammo- 
niacal solutions of the chlorides of calcium, strontium and barium. 
In the ordinary course of a qualitative analysis the precipitated 
carbonates should be dissolved in a little hydrochloric acid and 
the resulting solution evaporated to dryness, warming gently to 
expel free acid. The residue from this evaporation should be 
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dissolved in 6 to 10 cc. of water, and this solution used for the 
analysis. ‘The- portion to be tested for calcium may be treated 
with a drop of ammonium hydroxide solution to insure the ab- 
sence of free acid. 

In the use of the above method, particular attention should be 
given to the following points: The potassium iodate solution 
used as a reagent must be fully saturated. This reagent is con- 
veniently prepared by using enough of the dry salt to make a 
N/2 solution and allowing it to stand some hours, with occa- 
sional shaking. If it is desired to dissolve the salt more quickly 
by heating to boiling, the warm solution must be cooled to or- 
dinary temperature and agitated before use. .« 

In adding the reagents, particularly the iodate and hydro- 
chloric acid solutions, the amounts added must correspond quite 
closely with what is called for in the directions given above. 
The adequacy of these directions has been tested by their em- 
ployment in analyses of some forty mixtures by myself and others, 
in the laboratory of the University of Cincinnati. The results 
obtained were entirely correct. 

I desire to express my sincere thanks to Dr. J. F. Snell, whose 
continued encouragement and suggestions have been invaluable, 
in this, as in my previously published work. 


THE DETERMINATION OF TOTAL ARSENIC ACID IN 
LONDON PURPLE. 
By EDWARD G, MAHIN. 
Received August 30, 1906. 

Most methods now in use for the determination of arsenic acid, 
present, when applied to London purple, certain serious difficulties, 
to avoid which was the object of the work outlined in the present 
paper. The Association of Official Agricultural Chemists recom- 
mends the method stated briefly as follows :' 

Two grams of the sample are dissolved in 80 cc. of water and 
20 ce. of hydrochloric acid at about 70°, one-sixth of this solution 
is treated with 50 cc. of hydrochloric acid and 3 grams of potas- 
sium iodide and allowed to stand, by which means all of the 
arsenic is reduced to the state of arsenious acid. The free iodine 
is removed by the addition of N/1o sodium thiosulphate ; the 
1 U.S. Dept. Agr., Bur. Chem., Cir. Io, p. 4. 
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solution is now made alkaline with solid sodium carbonate, the 
excess of this removed by means of hydrochloric acid, and then 
sufficient solid sodium bicarbonate added to make the solution 
decidedly alkaline. The solution is then titrated with standard 
iodine solution. ‘Total arsenious acid having been deternmiined in 
a similar manner, omitting the reduction by hydriodic acid, the 
total arsenic acid is calculated by difference. 

The presence of the large amount of purple dye which is always 
found in London purple is not particularly objectionable to the 
practiced operator when titrating in basic solution with iodine, 
but in strongly acid solution, such as is present during the reduc- 
tion of arsenic acid, it becomes practically impossible to determine 
when the iodine, liberated by the action of arsenic acid upon hy- 
driodic acid, is exactly used up by the sodium thiosulphate, even 
by the use of the outside testing method recommended by the 
association. Davidson! directs that a part of the dye be pre- 
cipitated by the addition of sodium carbonate, the solution 
filtered and an aliquot portion be treated with hydrochloric acid 
and potassium iodide. This is certainly an improvement but is, 
in the opinion of the writer, far from being a completely satis- 
factory method, inasmuch as a considerable portion of the dye 
remains in solution, even after this treatment. 

Since the arsenic is eventually all brought to the lower state of 
oxidation and any intermediate oxidation or reduction should 
occasion no error in the determination, it seemed possible that the 
solution might be successfully bleached by chlorine and all inter- 
fering dye destroyed. This point was investigated, with results 
which will appear later. 

The neutralization of a considerable amount of hydrochloric acid 
by means of powdered sodium carbonate is a quite tedious opera- 
tion in this case, not only on account of the tendency of the carbon- 
ate to form lumps in the solution, these acting only slowly upon the 
acid, but also because an excess of sodium carbonate must be 
avoided on account of the later use of iodine. Since the acid 
becomes very dilute toward the last, the action becomes corre- 
spondingly slow from this cause. The formation of lumpsmay be 
partially avoided by the use of the crystalline form of sodium 
carbonate, but in any case the slow addition of a rather large 
quantity is necessary and the bicarbonate must be added later. 
1 U.S. Dept. Agr., Bur. Chem., Bull. 99, p. 27. 
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It was thought possible that the amount of acid used, con- 
sequently the amount of carbonate required, was unnecessarily 
large in both methods, also that a calculated amount of sodium 
bicarbonate might be substituted for the normal carbonate, 
adding the former as rapidly as could be done without danger 
of loss by frothing, in this way providing a large surface for the 
action of the acid when the latter becomes dilute. 

Experimental work was undertaken in order to determine tke 
measure of accuracy of a method involving the changes suggested 
above, with results which follow. 

Chlorine, evolved by the,action of potassium permanganate 

upon concentrated hydrochloric acid, and passed into the warm 
semi-solution of London purple in hydrochloric acid, produces in 
less than ten minutes a brown precipitate of organic matter which, 
after removal by filtration, leaves a slightly yellow solution in 
which the titration of iodine with sodium thiosulphate and of 
arsenic with iodine is easily accomplished. The presence of 
chlorine in the solution and the fact that all of the arsenic is in the 
oxidized form necessitate, of course, the presence of a somewhat 
larger quantity of potassium iodide. 
» The amount of acid added to the aliquot part of the solution in 
which the arsenic acid is to be reduced was changed from the 
50 cc. of the official method or the 25 cc. of Davidson’s modifica- 
tion, to 1o cc. The reduction of arsenic acid is, as might be ex- 
pected, not complete at the moment of the addition of hydro- 
chloric acid and potassium iodide, nor does this reduction proceed 
as rapidly during the addition of sodium thiosulphate as is the case 
with larger amounts of acid, but it was found that the reaction 
was sufficiently rapid to serve the purpose and, since one of the 
products (iodine) is removed to practical completion, the reaction 
is quantitative. 

Powdered sodium bicarbonate was substituted for the normal 
carbonate, using a weight calculated to leave an excess of from 
3 to 5 grams after the neutralization of all of the acid. Although 
this causes a more copious evolution of carbon dioxide, it was 
found possible to complete the addition in less time than was the 
case with the normal carbonate, for reasons already mentioned. 

The method finally used for total arsenic acid is as follows: 
Warm 4 grams of London purple, 40 cc. of concentrated hydro- 
chloric acid, and 150 cc. of water to not over 80° in a 250 cc. 
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flask, until the soluble portion has dissolved. Immediately pass 
in a rapid stream of chlorine for ten minutes; transfer to a 500 cc. 
graduated flask, dilute to the mark with cold water, and mix. 
Filter through a folded filter, rejecting the first 30 to 50cc. Measure 
50 cc. of the nearly colorless solution into a 500 cc. Erlenmeyer 
flask, add 10 cc. of concentrated hydrochloric acid and warm to 
80° on the water-bath, then add 5 grams of potassium iodide 
and allow to stand for ten minutes. At the end of this period add 
sodium thiosulphate (about N/20) from a burette until the iodine 
is exactly removed. It is best to avoid the addition of starch 
solution at this point, on account of the deep red color which is 
produced by the action of iodine upon dextrin, the latter being 
almost invariably present or formed in strongly acid solutions of 
starch. Immediately add, as rapidly as can be done without loss 
by effervescence, 15 grams of sodium bicarbonate, free from 
lumps, using a drop of methyl orange to insure the final presence 
of a decidedly basic solution. Titrate at once with N/2o iodine 
solution, deferring the addition of starch as long as possible. 

Determine the total arsenious acid by either the official method 
or Davidson’s modification, and subtract the percentage found 
from that indicated by the above titration. This gives total 
arsenic acid. 

The use of chlorine gas may constitute with some operators 
an objection to this method, but if a good draught hood is avail- 
able, this objection becomes of small importance. Chlorine is 
best generated, for this purpose, by dropping pure concentrated 
hydrochloric acid from a dropping funnel upon pure potassium 
permanganate contained in a flask, as this yields a fairly con- 
stant and easily controlled stream of gas, free from arsenic. The 
gas need not be washed. 

Samples of London purple, analyzed by this method, gave 
results agreeing well with those obtained by the official methods, 
and duplicate determinations may be made to agree with each other 
to within a few hundredths of a per cent. The time consumed in 
making a determination is materially shortened and the diffi- 
culties of manipulation are decidedly decreased. Moreover, 
students using the method for the first time experience little 
trouble in obtaining accurate results, and this was never accom- 
plished when any other method was used. 


CHEMICAL LABORATORY OF PURDUE 
UNIVERSITY, LAFAYETTE, IND. 

















ANALYSIS OF THE PIGMENT IN A PAINT WHEN IT 
CONTAINS A COMBUSTIBLE SUBSTANCE. 
By J. E. THOMSEN. 
Received August 13, 1906. 

THE separation of a pigment from the vehicle is often very 
difficult, especially in the analysis of a paint skin or a thoroughly 
oxidized and dried paint. George H. Hurst’ recommends the 
use of strong nitric acid for this purpose, but this cannot be used 
in the case under consideration because some of the combustible 
substance will be oxidized and lost. The oil, too, is converted 
into a greasy substance which can be only partly removed and 
that with great difficulty. 

Professor Stillman? recommends the use of petroleum ether, 
but this fails to dissolve completely an oxidized oil, even when 
applied under pressure in an autoclave. 

We have tried several other solvents without success. Alcoholic 
potash gives a soluble soap but the pigment is affected in many 
cases. A graphitic carbon pigment analyzed in this way gives 
too low results and amorphous carbon cannot be separated from 
the soap by filtration. Decomposing the soap with an acid will 
not answer because the oxidized fatty acid is as insoluble as the 
oil. 

We finally tried mixing the paint with alcohol and passing dry 
hydrochloric acid into the mixture, and found this successful. 

About ten or twelve times as much of pure ethyl or methyl 
alcohol should be used as there is of oil in the paint. The process 
is best carried out in an Erlenmeyer fiask and gentle heating 
aids the solution, which usually requires about half an hour. 
After the oil is dissolved it can be filtered from the insoluble 
pigment and the latter washed on a weighed filter with an alcoholic 
solution of hydrochloric acid. It is then a simple matter to deter- 
mine the percentage of carbon or of other combustible matter 
present. 

Iron and some other substances are dissolved and can be shaken 
out with water after the alcoholic filtrate has been mixed with 
petroleum ether. 

If it is desirable to examine the pigment for graphite or amor- 
1 «‘Painters’ Colors, Oils and Varnish,’”’ 2nd Ed., p. 48. 

2 “Kngineering Chemistry,’’ 3rd Ed., p. 526. 
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phous carbon, a weigked portion of the residue is powdered for 
the purpose. With amorphous carbon this is easy but graphite 
is best powdered by mixing it with sand or some sharp substance. 
This sand can afterwards be dissolved by hydrofluoric acid. 

About 0.5 gram of the finely powdered carbon is mixed in a dry 
100 cc. beaker with 10-15 cc. of strong nitric acid (sp. gr. 1.50), 
the mixture warmed to 60-70° and 3-4 grams of dry potassium 
chlorate added and the operation repeated till a yellow graphitic 
oxide is obtained. 


LABORATORY OF THE JOSEPH DIXON CRUCIBLE Co., 
JERSEY City, N. J. 


ANALYSES OF SPANISH PAPRIKA. 
By A. G. STILLWELL, 
Received August 23, 1906, 

THE question of grading these peppers has been giving some 
trouble to importers, as there have been no standards for various 
grades, and some peppers entered as low grade, and running up 
to and over 10 per cent. ash, have been considered as adulterated, 
when the fact is that they were simply the very lowest grade of 
goods, being the sweepings from the floors of the mills and con- 
taining stems, seeds and dirt which had dried and fallen from the 
peppers when brought to the factory. This grade of pepper is 
used as horse and chicken feed and incidentally to bring down a 
high paprika to medium grade. 

The samples were analyzed by methods of the A. O. A. C. 
They were furnished by a large importer who vouches for them 
as being true samples of the various grades specified and im- 
ported into this country. 

The last three analyses are of samples of hot and sweet paprika 
grown by the U. S. Department of Agriculture and were received 
by me from the same importer in their original condition, un- 
ground. 

Ash.—It will be noticed that the water-soluble portion of the 
high-grade peppers is very high, while the part insoluble in acid 
is very low. As the grade deteriorates, the water-soluble portion 
is lowered, the acid-soluble and insoluble being correspondingly 
raised, thus showing the presence of extraneous dirt. 

Ether Extract—In regard to the ether extract, the peppers 
composed of pure shell are very uniform as regards volatile and 
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non-volatile extract, but when we come to the peppers containing 
seeds, the extract immediately increases to as high as 20 per 
cent. 

It is the custom to bring up the rich red color of those peppers 
lacking in color, by adding about 10 per cent. of olive oil (the high- 
grade peppers are sold almost entirely on color). On this account 
I should look with strong suspicion on a high-grade pepper con- 
taining more than 12 per cent. total ether extract, as is shown by 
tests of Samples B and D, this to apply only to the sweet peppers 
as it will be noticed from the Sample P of pure high-grade hot 
peppers that the extract is 17.30 per cent., though it may be that 
this sample has had olive oil added. Iwas unable to get the purity 
of this sample vouched for. 

Crude Fibre——The crude fibre of the peppers containing no 
stems is fairly uniform at 14 to 15 per cent., while the low grades 
running up to 20 to 21 per cent. contain stems, seeds, etc. 


CONCLUSION. 


For a pure pepper of high grade (sweet) I would set the stand- 
ards at: Total ash, 7 to 8 per cent.; water-soluble, 6 to 7 per cent.; 
water-insoluble and acid-soluble, to 1.25 per cent.; acid-soluble, 
to 0.30 per cent.; volatile extract, to 1.10 per cent.; non-volatile 
extract, 8 to 11.50 per cent.; fiber, 15 to 16 per cent. 

For second grades containing some seeds: Total ash, 6 to 8 per 
cent.; water-soluble, 2 to 5.50 per cent.; water-insoluble and acid- 
soluble, 1.5 to 3.5 per cent.; acid-soluble to 1.00 per cent.; vola- 
tile extract, to 1.25 per cent.; non-volatile extract, 13 to 20 per 
cent.; fiber, 14 to 22 per cent. 

For lowest grade, containing practically nothing but seeds and 
stems: Total ash, 9 to 13 per cent.; water-soluble, 5 to 7 per 
cent.; water-insoluble and acid-soluble, 2 to 4 per cent.; acid-sol- 
uble, to 2.5 per cent.; volatile extract, 1 to 3 per cent.; non-vola- 
tile extract, 16 to 21 per cent.; fiber, 18 to 22 per cent. 


THE STILLWELL LABORATORY, 
36 GOLD ST., NEW YorK CITY. 














AN ACCURATE COMMERCIAL METHOD FOR THE ANAL- 
YSIS OF SUGAR BEETS.! 
By DAVID L. DAVOLL, JR. 
Received September 6, 1906. 

THE indirect analysis of the sugar-beet by the juice method 
and the use of the transposing factor so much in vogue in the 
United States is open to serious objections, for while it does not 
affect the price paid by the factory, provided a reasonable control 
is kept over the factor by frequent direct analyses, it is bound to 
work injustice to individual farmers, while at the same time 
unduly favoring others. 

It has been our experience that the factor progressively dimin- 
ishes as the harvesting and the beet-storing season advances, 
varying from 0.95 in early September to 0.88 in late January. 

Frozen beets offer serious obstacles to the indirect method and 
this condition may occur in most northern states any time after 
* November st. 

A factory slicing 1,000 to 1,200 tons of beets per day must be 
in a position to make in its receiving laboratory from 400 to 500 
analyses per day of ten working hours, and with the minimum 
working force. In good weather 500 ton houses must handle 
this number. 

The practical workings of the much recommended instantaneous 
aqueous method have not been such as to secure its adoption, 
and about 125 samples a day is the limit to the number that may 
be analyzed with any degree of accuracy by one chemist and 
assistant in one day, using the ordinary method of hot water 
digestion in a flask. The latter method is outlined as follows: 

‘*Ten cc. to 16 cc. of solution of lead subacetate of 54.3 Brix 
are placed in a 201.2 cc. sugar flask and 52.096 grams of shredded 
beet are introduced by means of a glass rod assisted by a spray of 
water; the volume is finally completed to about 190 ce. A little 
ether is added to beat down the foam and the whole heated in a 
water-bath at 80° for thirty minutes, rotating the flask from time 
to time to promote extraction and facilitate the escape of air 
bubbles. Water is occasionally added so that the volume is 
completed to the mark at the end of thirty minutes. Cool to 

' Read before the Sixth Congress of Applied Chemistry, Rome, Italy, 
April, 1906. 
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room temperature, add ether to dissipate any remaining foam, 
dilute with water to the mark, mix thoroughly and filter.” 

The criticisms of this method are the following: The intro- 
duction of the beet pulp intothe flask is painstaking and time- 
consuming, a medium fineness of a shredded nature giving most 
trouble. The rotation to secure proper extraction and get rid of 
occluded air, when properly attended to, requires much attention 
and the repeated addition of ether, while careless operators, in 
practice, neglect rotation, particularly when in a hurry. Wrere 
26.048 grams are used in 200.6 cc. dilution, the manipulation is 
more satisfactory, but the use of 200 mm. tubes requires the 
objectionable doubling of the reading. A double normal should 
always be taken in commercial work, being more representative 
of the original sample, since perfectly intimate mixing cannot be 
counted upon where the chemist is dependent upon the un- 
scientific helper to prepare the sample. Rapid and uniform 
cooling cannot be obtained without stirring the flask contents, 
which is difficult. After adding the final quantity of water, 
intimate mixing of the water content, which is absolutely essen- 
tial, is rendered difficult by the presence of the pulp. 

The author has overcome the objections to the method of kot 
water digestion mentioned above by substituting a beaker for the 
flask, and finally completing the mass to a certain weight, 7. e., 
209.2 grams, instead of volume. A definite weight of water, and 
therefore a fixed volume of water also, cannot be added to a normal 
or multiple thereof of shredded beet, unless it first be ascertained 
that the diminishing volume of the definite weight of beet, due 
to increased specific gravity of the constituent juice with rise of 
sugar percentage, is without influence upon the polarization 
within the limits of accuracy of the saccharimeter. The Kaiser- 
Sachs modification of Pellet’s instantaneous diffusion directs the 
weighing of a quantity of water, 7. e., 172 grams, where a normal 
of pulp is used, into the counterpoised flask containing tke lead 
solution. In a modification of this same instantaneous method 
by cold digestion, Fr. Sachs and A. LeDocte, while measuring 
5 cc. solution of lead subacetate and 177 cc. water upon 26.048 
grams of shredded beet contained in a copper capsule, in effect 
use the principle of weighing. 

If a strictly representative juice could be expressed from the 
beet it would be possible to ascertain its specific gravity and thus 
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calculate the gross weight of pulp, lead subacetate solution and 
water necessary to complete the volume to 201.2 cc. for beets of 
different sugar percentages. Obtaining the total solids in the 
beet and from this subtracting the marc, while giving the rea] 
Brix or total solids in the juice, would not give the Brix by ‘‘spind- 
ling,” having its equivalent in specific gravity, for well-known 
reasons. 

Ordinarily the quantity of lead subacetate solution to be used 
may vary according to the condition of the beet, whether it be 
fresh and normal or unripe, spoiled, frozen or has been preserved 
in silos. At the moment of adding the lead subacetate the chemist 
can scarcely be expected to detect any of these conditions and 
will be guided considerably by the season, by experimentation 
with various quantities and noting the effect of lead solution 
upon the clear filtrate. The first step in the investigation was to 
ascertain how much would be the weight of 52.096 grams of pulp, 
14 cc. of lead subacetate solution and water when mixed, digested, 
cooled to 20° (the average room temperature) and diluted to 
exactly 201.2 cc.; or if the weight varied, to establish that varia- 
tion. Sixty-one individual analyses were made in the following 
manner: The weights of the clean, dry, 201.2 cc. flasks were 
carefully ascertained and the capacities in Mohr cubic centimeters 
determined. This latter was found to vary between 200.76 cc, 
and 201.2 cc. which, while influencing the weight of the contents 
and is of importance in the experiment, does not affect the polariza- 
tion. 

The several analyses were then made in the usual manner of 
the hot water digestion, the flask carefully wiped outside and, 
with its contents," weighed and the polarization made. The 
weight of flask contents and the polarization were then corrected 
to 201.2 cc. capacity at 20°. The weight of the flask contents 
was found to vary between 207.67 grams (for 11.9 per cent. beets) 
and 210.08 grams (for 17.9 per cent. beets) with the average of 
209.2. ‘This latter may be taken, therefore, as the correct weight 
to which the mass may be adjusted in water digestion for beets 
in the receiving laboratory or for cossettes at the diffusion battery. 
It might be remarked here that the beets are purposely selected 
so as to get as many types as possible, as regards shape, size, 
degree of ripeness, sugar contents and frozen. The selection rep- 














and 
S of 

the 
real 
ind- 
own 


ised 
t be 
‘ved 
nist 
and 
tion 
tion 
Ss to 
ulp, 
ted, 

to 
ria- 
ing 
ere 
ers 


nts 
za- 








ANALYSIS OF SUGAR BEETS, 1609 


resents the pick of 500 to 600 tons passing along the conveyor 
to the automatic scale. 

Upon the basis of the weights, corrected as above stated, a 
calculation was made to see how much the polarizations would 
have been affected had the weight at the end of the analysis been 
made up to 209.2 grams in every case, 7. e., to the average weight 
and a constant quantity. The differences, partly plus and 
partly minus, in some instances showed no variation at all, in 
others inappreciable, and in all cases, with beets containing less 
than 17 percent. sugar, they were well within the limits of accuracy 
of the polariscope. 

The average of the minus differences was 0.023 per cent., and 
of the plus differences 0.03 per cent., with the four extreme re- 
sults showing 0.09, 0.06, 0.06 and 0.079 per cent. In these four 
cases, as in forty-eight other analyses, single beets only were 
taken, while in the remaining nine analyses but two beets were 
united. This was for the purpose of detecting any great irreg- 
ularities due to individuals, but in a receiving laboratory or 
cossette analysis, where very many beets are united for one test, 
any peculiarities would sink into insignificance and show no 
eccentricities in variation. 

The author has, therefore, dispensed with the use of a flask 
altogether in the analysis of beets and cossettes by the method 
of hot water digestion during the last sugar-making season, sub- 
stituting therefor a glass beaker, which is superior to a container 
of any other material because its weight can be kept constant. 

Many thousand individual analyses to determine the purchase 
price were made with accuracy, speed and cleanliness, and it was 
well demonstrated that from 600 to 700 analyses may be made by 
one chemist, one assistant and one wash boy in a day of ten 
working hours. 

The preparation of the digestion beaker was as follows: 

A quantity of 300 cc. Jena beakers was purchased, amounting 
to perhaps 200 in number; they were placed upon a balance, one at a 
time, and the heaviest selected. This was then provided with a 
8/,,-inch tube of glass, sealed at both ends, provided with a rubber 
tip secured by copper wire, of suitable length to act as a stirrer. 
This heaviest beaker and its stirrer were then carefully weighed, 

and this weight was taken as the standard weight to which all 
flasks and their respective stirring rods were to be brought. A 
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metallic counterpoise was then made. In preparing the stirring 
rods for the other lighter beakers, metallic mercury was introduced 
into the hollow stirring rods, previous to sealing, in amount 
sufficient to bring them all up to the standard weight, 7. ¢., the 
weight of the heaviest and its stirrer, after which they were 
sealed. The beakers were then etched with consecutive numbers 
and the stirring rods as well to correspond. 

The plan for handling the samples was as follows: After 
throwing the weighted pulp into the beaker, the weighing 
dish was rinsed free of traces of pulp into the beaker by means of 
an overflow pipette. This pipette can be home-made, and is 
best constructed from a glass condenser-jacket, as shown in the 
illustration, which practically explains itself. It is always filled 






OVERFLOW 
TO SINK 


WATER 
SUPPLY 


to the same level, but the quantity drawn off is regulated at the 
lower dotted line by sliding the glass tube up or down. The 
quantity to be drawn off is first determined by experiment and 
should be sufficient in amount to allow for evaporation during 
the half hour digestion at 80°. With the large bath in use this 
is a very uniform amount, and after cooling, the addition of from 
four to five drops of water completes the mass to 209.2 grams, 
plus the weight of the beaker and stirrer. 

Two baths are necessary, one for digesting and one for cooling, 
and each should accommodate five baskets of ten beakers each at 
one time. The baskets are best made of galvanized iron pet- 
forated with holes, provided with handles which act as hangers 
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WATER IN BUTTER. I6II 





and having double brass wire strung across for keeping the beakers 
about */, of an inch apart. These two wires, side by side, passing 
between each beaker, prevent clashing and resulting breakage. 
The bottom is lined with two-ply rubber, perforated. 

The farmer’s tickets accompanying the sample are placed in a 
tin case having a large brass number soldered to it, and a corre- 
sponding number is upon a basket. The basket, placed with the 
number facing the chemist, is filled with beakers in a definite 
order, and the sample tickets are slipped into the corresponding 
tin box in a similar order or arrangement. 

After digestion and cooling, the beaker is wiped outside (or 
allowed to drain and dry) and placed upon a balance, and with the 
contents brought with a few drops of water to the desired mass, 
i, @, 209.2 grams plus the counterpoise. The analysis is then 
completed as usual. 

This method will of course apply to sugar-cane and bagasse 
analyses, where, weight being applied instead of volume, the 
quantities may be proportionately increased and the difficulty 
in sampling thereby overcome. 

Caro, MICHIGAN, March Io, 1906, 


[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY, U. S. DEPARTMENT 
OF AGRICULTURE]. 


THE RAPID DETERMINATION OF WATER IN BUTTER. 
By G. E. PATRICK. 
Received August 11, 1906, 

SINcE the laws regulating the percentage of water in butter 
have come into vogue there has grown up a persistent demand 
for some method whereby the butter-maker, the renovator and 
the butter merchant can easily and quickly determine the amount 
of water in his product or his commodity. The most exacting 
demand is that of the butter-maker in the creamery, or the 
churn-man in the renovating factory, who needs a method which 
will yield its results in a few minutes, while his butter-worker 
stands waiting with its load, further working to be dependent 
upon the result of the test. 

The writer has studied this problem at intervals for two years 
of more and has at last found a method which is sufficiently 
accurate, and at the same time so simple in principle and so rapid 
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in execution that it appears in large measure to meet the demands 
of the butter-maker. 

At the outset of his investigations, before the idea of this 
simple method had suggested itself, the writer studied first, ang 
very exhaustively, Poda’s method’ which seemed the most 
promising of the sulphuric acid centrifugal methods proposed up 
to that time, but to his disappointment found it quite inadequate 
for the purpose in view, both as regards speed and accuracy, 
Next he tried several rather elaborate schemes which presented 
theniselves to nund, all attractive in theory but all proving u- 
successful in practice, for which reason it is needless to detail 
them here. 

Finally, discouraged in these more elaborate lines of effort, he 
turned back to the familiar, commonplace principle of expelling 
the water by heat; but the ordinary way of doing this, namely, 
at the temperature of boiling water, is far too slow, requiring 
several hours’ time, so a glycerol bath, easily affording a tem- 
perature upwards of 150°, was arranged of form and size to allow 
of immersing, to the neck, a tall slim flask (assay flask) con- 
taining the weighed portion of butter. In this way the water 
was expelled in twelve to fifteen minutes, the temperature being 
kept at 150° to 155°, and the whole determination, including 
both weighings, was completed in about twenty-five minutes. 

The results were sufficiently accurate, and the method seemed 
promising, but the time consumed by the test was still too great, 
and moreover, the glycerol bath—one of sufficient size to allow 
of immersing the flask in an inclined position, to prevent loss by 
spattering—had to be heated up beforehand, and this required 
quite a long time. How to further shorten the time demanded 
of the operator was the question. 

This change of plan suggested itself: To replace the assay 
flask by a wide test-tube, to boil off the bulk of the water over a 
naked flame—there being no danger of too high a temperature 
at this stage—and to finish the drying in a small glycerol bath, 
deep and narrow, in which the tube could at that stage be held 
vertical without danger of loss by spattering. Such a bath was 
made of a piece of steam pipe 15 cm. long and of 38 mm. bore, 
capped at the lower end, and at the upper end screwed into a 


1 Z, Unters. Nahr. Genussm. 4, 492 (Ig0I). 
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cup-shaped ‘‘fioor-plate,” by which the whole was suspended 
by a firm ring support. It was charged with only four fluid- 
ounces (about 120 cc.) of glycerol; a ‘‘dummy”’ tube, kept in the 
bath while it was heating, raised the surface of the glycerol to 
the mouth of the bath. The flame of an alcohol’ lamp heated 
this bath in fifteen minutcs to 130-140°, a temperature high 
enough to finish the drying of the sample in three to five minutes, 
after the water had been nearly all expelled by the naked flame. 

The plan worked well, but still required about twenty minutes 
for the complete test; and to regulate the temperature of so small 
a bath required considerable attention. 

All of the above is preliminary, by way of reaching the im- 
portant point, which is this: After a few trials it was found that 
just as good results could be obtained by dispensing with the bath 
entirely and drying the sample completely over the naked flame, 
of course using due care not to overheat. That satisfactory 
results could be obtained in this manner, uniformly, was a sur- 
prise ; but the writer has obtained such results on many samples 
of both creamery and renovated butter, so many in fact that he 
does not hesitate to declare the method perfectly feasible and 
that it will give sufficiently accurate results for the purpose here 
in view, in the hands of any careful person, with a little practice. 
The complete test, including both weighings and the calculation, 
can be made in fifteen minutes, and after a little experience the 
results obtained will seldom if ever be more than 0.3 per cent. 
from the truth, and frequently less than 0.1 per cent. 

The most objectionable feature of the method, from the stand- 
point of the butter-maker, is that it requires a good balance, one 
sensitive to say 5mg. In his own experiments the writer weighs 
to 1 mg. or less, but this is not necessary. The amount of butter 
taken for the test may vary from ro to 18 gram:s; 12 to 16 grams is 
perhaps the best amount. With such a charge an error as large 
as 15 mg. means only o.1 per cent. 

Beside the balance the only things required are: 

An alcohol lamp with a wick (made of ball wicking) about 17 
mm. thick and giving a flame 75 to 907mm. tall. It should stand 
in a place free from drafts in order to afford a steady flame. 

Test-tubes—several should be kept on hand to provide for 

1 An alcohol lamp was used in all of this work because gas is not avail- 
able in most creameries. 
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breakage—190 mm. in length and 35 mm. inside diameter, made 
of rather thin glass, of a quality especially adapted to stand 
boiling. 

A small beaker to hold the tube upright while it is being weighed 
and charged. 

A strong wire test-tube holder, large and strong enough to hold 
the tube firmly while it is shaken and rotated during the heating, 


A charging tube—a tube of heavy glass, 140 mm. in length 
and of 21 or 22 mm. inside diameter—open at both ends, and a 
ramrod, of any material, fitting loosely into this tube, to force its 
contents through. In the laboratory a test-tube makes a con- 
venient ramrod. 

To charge the tube, small portions of butter, taken with a knife 
from the homogeneous sample to be tested, are successively forced 
into one end of the charging tube until it is judged that 12 to 16 
grams have been secured, the tube is then lowered, clean end down, 
well toward the bottom of the previously weighed or counter- 
poised test-tube, and the butter forced out by the ramrod. Or 
the butter, in a semi-fluid state, may be poured directly into 
the test-tube. 

The weight being taken, the drying is conducted in the follow- 
ing manner. 

The tube, gripped firmly with the tube-holder a little above 
the charge, is heated at first cautiously, and throughout the 
operation with almost constant rotation, in order to avoid local 
overheating—with renovated butter to avoid, also, violent 
boiling and spattering. The first foam (referring now to genuine 
butters, for renovated butters produce no foam) can usually be 
dispersed by merely shaking the tube, but the foam which appears 
later, after most of the water is boiled off, and which will over- 
flow the tube unless the heating be cautiously done at this stage, 
is persistent and can be dispersed only by heating the upper part 
of the tube, passing it repeatedly through the flame, lengthwise, 
exposing first one side and then the other to the heat, and by 
vigorous shaking. This flaming of the tube above the charge is 
often useful even before the final foaming occurs, as it facilitates 
the dispersing of the foam later, when it threatens to overflow 
the tube. During the boiling off of the water the tube should be 
held inclined at an angle of 45°. 

When the large mass of foam has been nearly all dispersed in 
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the manner described, the lower part of the tube is agian heated 
enough to make certain that no more foam can be produced, but 
not enough to cause any decided darkening in the color of the 
butter. The drying is then completed by alternately heating the 
tube above the charge—passing it repeatedly through the flame 
as before—and rotating vigorously to throw the fat and remaining 
foam upon the heated glass. The temperature of the latter 
should be just below that at which it will ‘‘sizzle’’ when touched 
by the moistened finger. This treatment, continued for a minute 
or two, will reduce the foam to a layer of not more than 3 to 6 
mm. in thickness and will slightly darken the color of the butter. 
This will now be of a light muddy yellow, or a pale brownish 
yellow, or perhaps even a dark orange-yellow color, depending 
upon the original color of the butter, which should be carefully 
noted at an earlier stage of the operation. More than a moderate 
discoloration should be avoided, as indicating overheating. The 
small amount of foam remaining contains only a very minute 
quantity of water, if indeed any at all. As much of the foam 
should be dispersed as possible, with only slight discoloration 
of the butter. 

With renovated butters the chief danger to be guarded against 
is loss by sputtering or violent boiling. Such loss is avoided by 
cautious heating, by rotating the tube almost constantly, and 
by holding it inclined even more than 45° from the vertical, after 
the boiling has begun. When the water has been nearly all 
boiled away, that condensed upon the walls of the tube is ex- 
pelled by flaming the latter, in the manner described for dis- 
persing the foam of genuine butters. The charge is then heated 
again cautiously, with vigorous rotation of the tube, which is 
now held vertical, until it is evident that all water has been ex- 
pelled from the curd covered by the butter oil—this point being 
determined by frequent examination—care being constantly 
taken to avoid discoloration of the curd, so far as this is possible. 
Then the tube, above the charge, is again flamed cautiously, in 
the manner previously described, to complete the drying. The 
curd on the sides of the tube should now be no more discolored 
than to a pale lemon-yellow, while that on the bottom will be 
considerably darker, ranging from muddy orange-yellow to 
brownish yellow or yellowish brown. After cooling, the colors 
are a trifle darker than when the tube is hot. The aim should, of 
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course, be to discolor the curd as little as possible, while com- 
pletely drying it. 

The tube is now cooled, first with warm or hot water, cautiously 
at first to avoid breaking, then with cold water at about 15°, 
until the tube feels cold to the hand, then wiped dry and im- 
mediately weighed. 

These details take long to describe and the process sounds 
difficult, but it is not, as a little practice will convince any one. 
Any careful person can, after a little practice, make the test 
successfully. 

As regards the use of this method by the butter-maker for his 
immediate guidance in the working of his product, the greatest 
difficulty lies not in making the test, but in quickly obtaining 
a small sample for testing that truly represents the large mass of 
butter in the worker—at least such is the opinion of the writer 
at the present time. Also, the question presents itself, how 
nearly does a true sample of the finished butter as it lies in the 
worker, agree in respect to water content with a true sample of 
the same butter after it is packed in tubs? 

Definite knowledge upon these points is desirable, and must be 
had before a rigid interpretation can be placed upon the results 
obtained with any immediate control-test in the butter factory. 

Just as this article is being sent to the Journal the writer learns 
that a method almost identical with the one here described is in 
use in certain creameries in the West. The principle 7s identical. 
The butter sample is dried in a flask, directly over the flame of a 
gasoline torch, according to the oral information received. 


[CONTRIBUTION FROM THE DIVISION OF FooDS, BUREAU OF CHEMISTRY, 
U. S. DEPARTMENT OF AGRICULTURE. SENT BY H. W. WILEY. ] 
DETERMINATION OF SALICYLIC ACID IN CANNED TO- 
MATOES, CATSUPS, ETC. 

By W. L. DuBots. 

Received September 6, 1906. 

IN THE course of the regular food inspection work of this Bureau 
we have had frequent occasion from time to time to examine 
canned tomatoes for salicylic acid. The methods in use for the 
determination of salicylic acid in this class of goods have been very 
unsatisfactory, and frequently gave negative results when there 
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was good reason to believe that the preservative was present. 
To solve this problem and devise a method which could be success- 
fully applied to canned tomatoes, catsups and similar products 
the work herein described was undertaken. 

As is well-known ether extracts from many foods substances 
which seriously interfere with the color reaction between salicylic 
acid and ferric salts. In order to meet this difficulty the food 
must receive some preliminary treatment which removes these 
interfering extractives, or the salicylic acid must be taken up 
from the ether extract by a solvent which will not dissolve the 
other substances present. The solvent most commonly used 
for this purpose is petroleum ether. Our experience with it, 
however, has been very unsatisfactory. When salicylic acid is 
mixed with the gummy, highly colored bodies which are extracted 
from many foods by ether, gasoline dissolves it with great diffi- 
culty, and we have found it impossible to get even good qualitative 
tests in some cases when we had added a liberal amount of the 
preservative. The ether extract from tomatoes contains bodies 
which completely mask the color test with ferric salt. Gasoline 
proving useless for separating the salicylic acid from them, we 
have accordingly confined our attention to devising a way of 
rejecting these substances before extraction with ether. 

In all the methods tried 50 grams of pulped tomatoes were 
weighed as a sample and the salicylic acid added. This was 
considered a better test than adding the salicylic acid to a large 
quantity of tomatoes and weighing a sample therefrom, owing 
to the possible difficulty in sampling by the latter procedure. 

Method 1.—Fifty grams of tomatoes were shaken thirty 
minutes with 150 cc. of water made alkaline with sodium hy- 
droxide. The mixture was centrifuged, the supernatant liquid 
poured through a filter, and an aliquot portion extracted with 
ether after acidifying. The residue remaining after evaporating 
the ether contained considerable coloring-matter and other 
foreign substances. Method abandoned. 

Method 2.—Fifty grams of tomatoes and 100 cc. of water were 
acidified with phosphoric acid and distilled with steam till 250 cc. 
had passed over. The distillate was made alkaline, concentrated 
to 100 cc., acidified and extracted with ether. No coloring- 
matter or other foreign substances were present in the ether 
residue, but neither was salicylic acid in any quantity. No test 
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was obtained with samples containing up to 100 mg. per kilogram, 
In one having present 200 mg. per kilogram, 0.5 mg. was found, 
corresponding to 10 mg. in the kilogram. 

For such samples, separation of salicylic acid by distillation 
with steam is not quantitative. A very large volume of distillate 
is required to carry over any amount of salicylic acid, and that 
amount is only a small percentage of the preservative present, 
The method is not to be recommended where a better procedure 
is available. 

Method 3.—Transfer 50 grams of pulped tomatoes to a 200 cc, 
flask with 50 cc. of water, and make alkaline with milk of lime. 
Complete to volume, and filter as large an aliquot portion as 
possible. Usually 150 cc. to 160 cc. of filtrate may be obtained. 
Acidify with dilute hydrochloric acid and extract with ether four 
times, using from 75 to roo cc. of ether at each extraction. Wash 
the combined ether solution twice with 25 cc. of water, and distil 
the ether slowly, allowing the last 20 to 25 cc. to evaporate sponta- 
neously. Take up the ether extract in dilute alcohol, make toa 
definite volume, and match an aliquot portion against a standard 
solution of salicylic acid, using a few drops of a 2 per cent. solution 
of ferric alum to produce the color. The results obtained by this 
method are shown in the table: 


Salicylic acid Salicylic acid 


added. Found. Recovered. 
Number. Milligrams. Milligrams. Percent. 
PNison saauadcedsnsest@enbeoresie sence 2.5 0.0 0.0 
Bie. csteescsacadeagevsnssdesssassnenes 5.0 1.82 36.4 
Csi tinasnbeussaentesanesnacmestsees 10.0 5.0 50.0 
Dit pocsvedoadcmsssescetnssauocatacess 20.0 12:5 62.4 
IE oe insacecasesscisecatcouamensesecss 25.0 16.92 67.7 
i casescesescaraveasece=sasncoesoussae 30.0 22.70 75-7 


In the ether extract from A crystals appearing to be salicylic 
acid were present. No test for salicylic acid was obtained. This 
led to an investigation of the effect of alcohol on the color pro- 
duced by ferric salts and salicylic acid and the following experi- 
ment was carried out. 

A solution of 1 mg. of salicylic acid in 50 cc. of water to which 
were added 3 drops of ferric solution was used as a standard. 
The solutions matched against this contained 1 mg. of salicylic 
acid and various quantities of alcohol in 50 cc. as shown in the 
table below. 
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Salicylic acid 
Reading indicated in 
Alcohol Readingof ofsolution solution. 


insoce. standard. examined. Milligrams. Remarks. 
5 20 20 1.0 
10 18 18 1.0 
15 18 18 1.0 Quality of color not same. 
20 20 21 0.95 Color of sample decidedly bluer. 
25 20 27 0.74 Color quality identical. 
30 20 37 0.54 _ es 
35 18 roe Color of sample too light to read. 
40 18 ne eS " Se Se 


It appears from these results that the presence of more than a 
small amount of alcohol in the solution used isinadvisable. We, 
accordingly, have abandoned its use and are now dissolving the 
ether extract in warm water, cooling, and making to volume. 

It is also an improvement to make the tomatoes alkaline with 
ammonia before adding the milk of lime. When this is done 
about 15 cc. milk of lime (200 grams quicklime in 2000 cc. water) 
are sufficient, whereas much more is necessary when the ammonia 
is not used. ‘These two modifications in the method given above 
have solved the problem and give us excellent results as is shown 
by the following figures: 


Salicylic acid Salicylic acid 


used. recovered. Recovered. 
Milligrams. Milligrams, Per cent. 

5 4.7 94.0 
10 8.0 80.0 
10 8.11 81.1 
15 13.43 88.8 
20 19.20 96.0 
25 25.00 100.0 
30 26.70 89.0 
50 46.9 93-8 


[CONTRIBUTIONS FROM THE BUREAU OF CHEMISTRY, DEPARTMENT OF 
AGRICULTURE. SENT BY H. W. WILEY.] 
A STUDY OF THE METHODS FOR THE DETERMINATION 
OF ESTERS, ALDEHYDES AND FURFURAL 
IN WHISKY. 
By L. M. TOLMAN AND T. C. TRESCOT. 
Received August 15, 1906. 
IN THE course of an examination of a large number of whiskies 
made in the Bureau of Chemistry under the direction of H. W. 
Wiley the following work on the methods for the determination 
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of the ethereal salts, aldehydes and furfural was undertaken, 
as the methods adopted provisionally by the Association of Official 
Agricultural Chemists as published in Bulletin 65 of the Bureay 
of Chemistry were found to be unsatisfactory. 


DETERMINATION OF ESTERS. 

The provisional method as adopted by the Association of 
Official Agricultural Chemists in 1903 for the determination of 
esters is as follows: 

Neutralize the residue left after distillation in the fusel oil 
determination with N/1o sulphuric acid and add an excess of roce. 
of the acid. Allow to stand five minutes, and make up to 200 ce. 
Titrate two portions of 25 cc. each, using as indicators methyl 
orange in the first and phenolphthalein in the second. The 
difference gives the amount of alkali necessary to neutralize the 
organic acids in 25 cc. of the sample. By subtracting from this 
figure the number of cubic centimeters of alkali required for the 
free acids and multiplying the result by 0.0088, the number of 
grams of ethereal salts (calculated asethyl acetate) in 25 cc. of the 
sample is determined. 

The distillation of fusel oil is conducted as follows: Add a 
small quantity of alkali to 200 cc. of the sample under examina- 
tion, and distil slowly, till about 175 cc. have passed over; allow 
the distilling flask to cool, add 25 cc. of water, and distil again 
till the total distillate measures 200 cc. It was found, however, 
that it was exceedingly difficult to carry out this method satis- 
factorily and, further, that it was very inaccurate, not in reality 
giving any true ester value. 

The first objection is that the method does not state that 
sufficient alkali must be added in the distillation to completely 
neutralize the acids and saponify the esters. If this is not done, 
there is a loss of unsaponified esters. Some of the whiskies re- 
quired as much as 10 cc. of normal alkali to 200 cc. to accomplish 
this result. 

The second objection is the difficulty experienced in the double 
titration with methyl orange and phenolphthalein in the dark 
colored whiskies, it being practically impossible to get two titra- 
tions agreeing within a reasonable limit of accuracy. It was 
also found that there is a considerable loss of volatile esters, 
which conie over in the first part of the distillate before they are 
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saponified, even though there be sufficient alkali present, and it 
was found necessary to boil with a reflux condenser before begin- 
ning the distillation. The chief source of error, however, is in 
the action of the alkali on the caramel and invert sugar present 
in the whisky. ; 

How much this error may amount to is shown in the following 
table where caramel prepared from pure cane-sugar was treated 
in the following manner: A weighed amount of caramel is placed 
in an Erlenmeyer flask and dissolved in 50 cc. of alcohol (50 per 
cent. by volume). This is exactly neutralized with N/1o alkali 
using phenolphthalein as an indicator and then 1o cc. of N/1o 
alkali are added, the flask connected with a reflux condenser and 
boiled for one hour, then cooled, and the excess of alkali titrated. 

TABLE I.—EFFECT OF ALKALI ON CARAMEL, 


Amount of 


Caramel. N/1o alkali used up. Time of boiling. 
Gram, ce. Hours. 
0.050 ; 0.70 I 
0.100 1.85 I 
0.150 2.70 I 
0.200 3.60 I 
0.250 3.80 I 
0.250 4.60 2 


This table shows that with 0.500 gram of caramel per 100 cc., 
which gives a color about equal to a dark colored whisky, we 
would have 7.6 cc. N/1o alkali used up by the caramel, which 
would be calculated as esters. This would be as much as the 
volatile esters in most whiskies. If, however, there was also 
invert sugar present a still larger error would be introduced as is 
shown in the following table : 

TABLE I].—EFFECT OF INVERT SUGAR ON THE ALKALI. 


Invert Amount of N/1o Time of 
sugar. alkali neutralized. boiling. 
Gram. cc. Hours. 
0.050 t2 I 
0.050 E5 2 
0.100 2.9 I 
0.150 3.6 I 
0.250 5.85 I 
0.250 6.95 3 


This table shows that invert sugar uses up the alkali to a greater 
degree than caramel. If this reaction of alkali with caramel 
and invert sugar were quantitative, the figure might have some 
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value, but it is not, so that such a determination can have no value 
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in the presence of these substances. 


An illustration of this fact is shown in the following results on 


some brandies: 


TABLE III.—RELATION OF THE SOLIDS AND INVERT SUGAR TO THE FIXED 


Solids. 
Per cent. 


1.2658 
1.1348 
1.0640 
0.9726 
0.7774 
0.6840 
0.6070 
0.0306 
0.0200 
0.0054 
0.0052 
0.0042 


This table shows that the fixed esters increase with the sugar 


Amount of N/1o0 


Invert sugar. 
Per cent. 


0.845 
0.820 
0.685 
0.596 
0.500 
0.392 
0.313 


trace 


“ 


ESTERS. 


alkali used 
by 100 ce. 
cc 


40.4 
47.6 
36.2 
32:2 
26.0 
26.6 
25.0 
18.8 
14.2 

9.6 
16.4 
10.0 


Amount of Amount of 
N/1o alkali N/10 alkali 
used by vol. used by Sxed 
esters in Ioocc. esters in 100 cc, 
ce. Ce 
10.0 30.4 
8.8 38.8 
6.4 28.8 
7.2 25.0 
7.6 18.4 
4.8 20.9 
3.0 22.0 
12.4 6.4 
11.4 2.8 
9.6 0.0 
15.4 1.0 
7.4 2.6 


and are in fact dependent upon its presence. 


this fact the determination of fixed esters might be of some 
value, as the following table on pure whiskies indicates. 


TABLE IV.—DETERMINATION OF FIXED ESTERS IN PURE WHISKIES. 


ce, N/1o alkali used by 
Vol. esters. 


Solids. 
Per cent. 


0.3264 
0.1976 
0.1840 
0.1690 
0.1620 
0.1592 
0.1356 
0.1164 
0.0496 


It was evident from this work that the provisional method is 
unsatisfactory and does not give an ester number. It was there- 
fore necessary to determine the esters in a distillate which was 
prepared in the following manner: Add 25 cc. of water to 200 
cc. of the whisky or spirit to be examined and distil off 200cc. 


100 cc. 


of whisky. 


27.30 
21.20 
18.6 
15.8 
15.10 
13.4 
19.70 
7.79 
6.60 


in 100 cc. 


8.0 
9.50 
8.00 
5.2 
7.10 
5.8 
7.70 
2.00 
1.80 


If it were not for 


Fixed esters. 
in 100 cc. 


19.30 
11.70 
10.60 
10.60 
8.00 
7.60 
12.00 
5.70 
4.50 
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into a flask guarded with a mercury valve to prevent loss of 
alcohol. Measure 50-100 cc. of this distillate into a flask, add a 
few drops of phenolphthalein and exactly neutralize the free acid 
with N/1o alkali; add 25-50 cc. of N/i1o alkali, stopper the 
flask and allow to stand at room temperature for eighteen to 
twenty hours, then connect with a single tube condenser and 
heat nearly to boiling for one-half hour, cool and titrate the 
excess of alkali with N/1o acid. 

The number of cubic centimeters of N/1o alkali used in the 
saponification multiplied by the factor 0.0088 gives the amount 
of esters present as ethyl acetate. There should be a consider- 
able excess of alkali to insure the saponification being complete. 

The esters may also be determined by connecting the flask 
with a reflux condenser, instead of allowing them to stand 
over night, and boiling for one hour, and if only a few deter- 
minations are to be made this will be found to be the most satis- 
factory procedure, but where a large number of determinations 
are to be made the first scheme is very satisfactory. It was 
found by experiment that standing over night with the excess of 
alkali insured complete saponification of the esters without any 
danger of loss of the volatile esters. 

The question as to whether complete saponification could not 
be obtained in the cold by standing eighteen to twenty hours at 
room temperature with the excess of alkali was thoroughly tested 
in the following manner: Duplicates were measured into flasks 
and the excess of alkali added and stoppered and allowed to stand 
over night. In the morning one was titrated and the other was 
heated for one hour with the tube condenser on the water-bath, 
cooled and titrated. In 30 cases there was no difference between 
these titrations and the average on 171 determinations was for 
the cold titrations 4.1 cc. N/r1o alkali for 50 cc. of sample and 
4.2 cc. N/1o for 50 cc. of the sample that was heated, which 
indicates that practically complete saponification takes place at 
Yoom temperature and that the heating for one hour is not neces- 
sary, but in a few cases the titration of the cold saponified sample 
would be low, showing that complete saponification had not 
taken place. In our experience, therefore, it is safer to complete 
the saponification by heating as directed in the method. 


The samples that were heated on the water-bath always had 
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a little more color than the samples which were not heated, in- 
dicating a little more resinification of the aldehydes, which may 
account for the slightly higher results obtained by heating. 

In order to check up the method of distillation the esters were 
determined in some artificial brandies before and after distilla- 
tion. The results of four determinations on the original showed 
that 9 cc. of N/1o alkali were needed to saponify the esters in 
1oo cc. while, according to the average on 20 determinations on 
the distillate, 8.9 cc. were required for 100 cc., which shows that 
where the esters present are ethyl acetate, as they were in this 
sample, all are found in the distillate. 

This experiment was repeated on five samples of new colorless 
whiskies with the same result, showing that the method of distilla- 
tion is satisfactory and that the esters are distilled over com- 
pletely although this does not prove that in the old, aged whiskies 
there are not formed esters which are non-volatile but it is im- 
possible to distinguish them from coloring-matters and resinous 
materials which are affected by boiling with alkali, as has been 
shown. 

ALDEHYDES. 
By L. M. TOLMAN. 

The method for the determination of aldehydes as provisionally 
adopted by the Association was found to be entirely unreliable 
and in fact the reagents as given were not correct, as they reacted 
with alcohol free from aldehydes. The reason for this was that 
there was not enough sulphur dioxide in the solution. The 
amount of sulphur dioxide in the solution greatly affects its 
sensitiveness and the main point to be determined was how to 
prepare a solution that would not react with pure alcohol and 
was still sensitive enough. By experimenting with a number of 
mixtures it was found that a reagent that contained 5 grams of 
sulphur dioxide to the liter gave only the slightest tinge of color 
with the pure alcohol and was sensitive to o.ooo1 gram of alde- 
hyde in 50 cc. From this it can be seen that it is very necessary 
that the amount of sulphur dioxide present should be accurately 
determined and that the use of a solution of sodium bisulphite 
of a definite specific gravity is not to be relied on in prepafing 
this reagent. If the sulphite is to be used, its strength in sul- 
phurous acid should be determined by use of a standard solution 
of iodine. Another objection to the Association method was the 
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fact trat the test is made in a 30 per cent. alcohol solution. The 
objection to using this strength of alcohol is that when most pure 
whiskies are diluted to this alcoholic strength they are turbid, 
and this turbidity greatly interferes with the reading of the 
amount of aldehydes in the colorimeter. The following are the 
reagents and method finally adopted for our work. 
DETERMINATION OF ALDEHYDES. 
Reagents. 

(1) Alcohol Free from Aldehydes.—This is prepared by first 
redistilling the ordinary 95 per cent. by volume alcohol over 
caustic soda or potash and then adding 2 to 3 grams per liter of 
m-phenylenediamine hydrochloride, and digesting at ordinary 
temperature for several days or with an upright condenser on 
the steam-bath for several hours and then distilling slowly, re- 
jecting the first 100 cc. and the last 200 ce. 

(2) Sulphite-Fuchsin Solution —Take 0.500 gram of pure 
fuchsin and dissolve in 500 cc. of water, then add 5 grams of 
sulphur dioxide dissolved in water, make up to a liter and allow 
to stand until colorless. 

This solution should be made up in small quantities, as it re- 
tains its strength for only a very few days. 

(3) Standard Acetic Aldehyde Soluttion.—Prepared as directed 
in Vasey." 

Aldehyde ammonia is taken as the starting point. Grind this 
in amortar with ether and decant the ether, repeating the operation 
several times, then dry the purified substance in a current of air and 
finally in a vacuum over sulphuric acid. Dissolve 1.386 grams 
of this purified aldehyde ammonia in 50 cc. of 95 per cent. by 
volume alcohol, to this add 22.7 cc. of normal alcoholic sulpkuric 
acid and then make up to roo cc. and add 0.8 cc. to compensate 
for the volume of the ammonium sulphate precipitate. Allow 
this to stand over night and filter. This solution contains 1 gram 
of acetic aldehyde in 100 cc. and will retain its strength. 

The standard found most convenient was 2 cc. of this strong 
aldehyde solution diluted to 100 cc. with 50 per cent. by volume 
alcohol. One cc. of this solution is equal to 0.0002 gram of 
acetic aldehyde. This solution should be made up fresh every 
day or so as it loses its strength. 
1 “Analysis of Potable Spirits,’’ p. 30. 
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The method of determining aldehyde is as follows: 5 or 
10 cc. of the distillate as prepared for the determination of esters 
are placed in one of the colorimeter tubes and made up to 50 ce, 
with aldehyde-free alcohol, strength 50 per cent. by volume, 
placed in a water-bath kept at 15° until it reaches the temperature 
of the bath. Then 25 cc. of the sulphite-fuchsin solution, which 
is also at 15°, is added ; the two solutions are thoroughly mixed and 
allowed to stand in the bath held at 15° for fifteen minutes and 
then compared in the colorimeter with standard aldehyde solu- 
tions. 

Standards containing 0.0005, 0.0010 and 0.0015 gram of acetic 
aldehyde are prepared at the same time and under the same 
conditions. The standard which matches the sample nearest is 
used for comparison in the colorimeter. If the color of the 
sample is stronger than any of the standards, less of the sample 
must be taken, as colors deeper than that produced by 0.0015 
gram of acetic aldehyde cannot be compared with accuracy. 

The regulation of the temperature at which the test is made 
is of the greatest importance, as the accuracy of the method is 
entirely dependent on the temperature being held constant at 
about 15° during the reaction. If this is not done, the color 
developed in the blank which should be run with every deter- 
mination, will be so strong as to interfere with the method. In 
fact it is impossible to do anything with the method quan- 
titatively without controlling the temperature exactly. 

The comparisons in the colorimeter must be made as quickly 
as possible, as the color rapidly deepens if the room temperature 
is much above 15°. The standard aldehyde solution may be 
checked against the color glasses of the Lovibond tintometer. 
In our work, following the exact conditions given above, red 
No. 5 and blue No. 1.25 combined gave the color developed by 
0.0005 gram of acetic aldehyde in 50 cc., looking through 42 mm. 
depth of solution. This, however, should not be taken as a 
standard but each analyst should compare his reagents, under the 
conditions under which he is working with the standard glasses. 
This will be found to be a valuable check on the solutions. 
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1? TABLE V.—CALCULATION OF ALDEHYDES FROM COLORIMETER READINGS. 
esters 0.0005 gram 0.0005gram o.oo1IOgram o.0o010gram 0.0015 gram 
standard. standard. standard. standard. standard. 
50 ce, Sample Reading 15. Reading25. Readingio. Reading20. Reading ro. 
lume reading. Mg. Mg. Mg, Mg. Mg. 
’ 
ature 10 0.80 1.00 1.50 1.50 
hi II 0.76 0.94 1.40 1.40 
which 12 0.72 0.89 1.30 1.30 
d and 13 0.69 0.83 1.25 1.25 
3 and 14 0.67 0.79 1.20 1.20 
solu- 15 0.50 0.65 0.76 1.15 EES 
16 0.48 0.62 0.73 1.10 1.10 
. 17 0.465 0.60 0.70 1.08 1,06 
acetic 18 0.45 0.59 0.685 1.05 1.03 
same 19 0.43 0.575 0.67 1.03 1,00 
est is 20 0.415 0.56 0.655 1.00 0.97 
f the 21 0.40 0.55 0.64. 
1 22 0.38 0.54 0.62 
unipee 23 0.365 0.525 0.61 
).OOT§ 24 0.35 0.515 0.59 
@ 25 0.33 0.50 0.58 
made 26 0.315 pa 
: 27 0.30 0.5 
‘od is 28 0.29 0.535 
nt at 29 0.28 0.52 
color 30 0.27 0.50 
leter- 31 0.265 0.49 
In 32 0.255 0.485 
33 0.245 0.48 
aia 34 0.235 0.47 
35 0.23 0.465 
ickly 36 0.22 0.46 
ature 3 : 0.21 0.455 
Ly en 3 0.20 0.45 
39 0.195 0.445 
neter. 40 0.19 0.44 
, red 41 0.185 0.435 
d by 42 0.18 0.43 
mm, 43 0.175 0.425 
ona 44 0.17 0.415 
45 0.165 - 0.41 
*r the 46 0.16 0.405 
asses, 47 0.155 0.40 
48 0.15 
49 0.145 
5° 0.14 
The amount of color developed by acetic aldehyde under these 
conditions is not in direct proportion to the percentage of aldehyde 
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present. A standard containing o.oo1 gram develops about 
three times as much color as a standard 0.0005 gram and about 
one-half the color of a standard containing 0.0015 gram. ‘This 
necessitated the preparation of a number of curves from which 
the table as given above was prepared : 

This table is used in the following manner: The colorimeter 
tube containing the standard solution is placed in the colorimeter 
at a definite reading, say at 25. The tube containing the sample 
is now placed in the instrument and compared with the standard 
by moving it up and down until the colors match, which is at say 
19. Now suppose the standard contained 0.0005 gram of alde- 
hyde and was set in the instrument at a reading of 25, then look 
in the column under the 0.0005 gram reading 25 until you come 
to the place opposite the reading of the sample and there find the 
milligranis of aldehyde which, in this case, is 0.575. The color- 
imeter used in this work was that described by Schreiner’ and it 
was found to be very satisfactory and convenient, being pre- 
ferred in this work to the Soleil-Dubosq instrument, as it gives a 
much wider range of comparison. Schidrowitz? does not use the 
distillate for this determination but clarifies the whisky with 
basic lead acetate, colors his standard slightly with tincture of 
galls to match the color of the decolorized whisky, and then 
treats with the reagent, but this method, while it is applicable 
to pure whiskies light in color, cannot be applied to whiskies that 
are colored with caramel, as caramel is not removed by lead 
acetate. Hence, in order to obtain comparable results, it is 
necessary to work on the distillates in all whiskies. 

The claim that aldehydes are formed in the distillation is not 
substantiated by our experiments on 150 samples of new brandies 
in which the determination of aldehydes was made on the original 
sample and on the distillate. The average on the original was 
172 mg. per liter while the average on the distillate was 173 mg. 
per liter. These results show several things. First, that the 
method gives comparable results and results that can be duplicated, 
as in this work the determination on the original was made on 
one day and the determination on the distillate the next day. 
Second, that there is no loss or gain in aldehydes by distillation. 


1 This Journal, 27, 1192-1203 (1905). 
2 J. Chem. Ind. 21, 814-819 (1902). 
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Third, that it is an exact method as is shown by the close agree- 
ment of results. 
FURFURAL. 
By L. M. TOLMAN. 

Schidrowitz does not use the distillate for this determination 
but follows the same procedure in the determination of furfural 
as in the determination of aldehydes. The same objection holds 
in this method, however, as in the aldehyde determination, 
namely, that the method cannot be applied to all the whiskies 
on account of the impossibility of removing caramel when present, 
so that it is better to use the distillate in all cases. 

The following are the reagents and the method used for the 
determination of furfural: Colorless aniline, hydrochloric acid 
(sp. gr. 1.125), alcohol free from furfural. The aniline was 
obtained by redistilling the ordinary dark colored aniline. This 
must be kept in the dark or it will soon become colored. The 
ordinary 95 per cent. by volume alcohol redistilled over caustic 
soda or alkali is practically free from furfural. 

Standard Furfural Solution.—Prepare the standard furfural 
solution by weighing 1 gram of redistilled furfural and dissolving 
it in 100 ec. of 95 per cent. by volume alcohol. This strong 
solution will keep. Standards for use are made by diluting 1 cc. 
of this solution to 100 cc. with 50 per cent. by volume alcohol. 
One cc. of this solution contains o.ooo1 gram of furfural. 

The method for determining furfural is as follows: 10 or 15 
cc. of the distillate as prepared for the determination of esters is 
placed in a colorimeter tube and diluted to 50 cc. with 50 per cent. 
by volume alcohol free from furfural. The tube is placed in a water- 
bath kept at 15° and allowed to remain until it reaches the tem- 
perature of the bath. Then 2 cc. of the aniline and 0.5 cc. of the 
hydrochloric acid are added and the whole thoroughly mixed. 
The tubes are left for fifteen minutes in the bath at 15°, and then 
taken out and read in the colorimeter against standard furfural 
solutions. 

Standards containing 0.0001, 0.0002 and 0.0003 gram of furfural 
are prepared and treated in the same manner. The standard 
which matches nearest the color in the sample is used for com- 
parison in the colorimeter. 

The amount of color developed by the furfural solutions is in 
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direct proportion to the amount of furfural present, so that 
calculations can be made directly from the readings. 

The temperature greatly affects the reaction and it should be 
carefully regulated. 

Hydrochloric acid was used instead of acetic acid on account of 
the fact that the acetic acid available gave a very decided color 
reaction, which interfered with the test. Another advantage of 
hydrochloric acid is that it is more uniform in quality than acetic 
acid and in these color tests it is necessary that the conditions 
shall remain constant in order to obtain comparable results, 
The occurrence of furfural in acetic acid or some substance that 
gives a similar color reaction with this reagent seems to be quite 
commion, as it has been noted by a number of observers. The 
substance that gives the test can be destroyed by heating the 
mixed reagent, but this interferes with its sensitiveness. 

In order to settle the question whether all the furfural will be 
found in the distillate and also whether there is any formation 
of furfural in distillation, the determination was made on a 
number of samples of slightly colored and colorless spirits, in the 
original and in the distillate. 

The results on 120 samples gave an average of 23.4 mg. per 
liter on the original and of 23.2 mg. per liter on the distillate. 
This shows that there is no loss or gain of furfural by distillation; 
it also shows that the method is reliable, as the same conditions 
held in these determinations as in the work on aldehydes. 


MOISTURE IN COAL.! 
By E. E. SOMERMEIER. 
Received September 17, 1906, 

THE determination of moisture in a sample of coal is 
apparently simple and a result is easily obtained. The proper 
relation that this result bears to the original sample is, however, 
not so easily determined. Variations in this relation directly 
affect the application of all analytical work done upon the sample 
and the possibility of unaccounted-for moisture losses during the 
taking, shipping and preparing of the sample for chemical analysis 
too often receives little or no attention. 

The method of determining moisture recommended by the 


1 Published by permission of the Director of the U. S. Geological Survey. 
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Committee on Coal Analysis appointed by the American Cheiical 
Society’ is as follows: ‘‘Dry 1 gram of the coal in an open porcelain 
or platinum crucible at 104-107° for one hour, best in a double- 
walled bath containing pure toluene, cool in a desiccator and weigh 
covered.”” The report of the committee also states that ‘‘with 
coals high in moisture and in all cases where accuracy is desired 
determinations must be made both with the coarsely ground and 
with the powdered coal. When, as will usually be the case, more 
moisture is found in the coarsely ground than in the powdered 
coal, a arenes must be amped to all determinations made with 
the latter. 

The results in moisture a by following these directions 
do not, as is well-known, represent the total but only the loosely 
held moisture present and it represents this only approximately, 
as the loss in weight represents not the amount of moisture ex- 
pelled but the moisture expelled plus or minus any changes due to 
oxidation, or any changes in weight due to the expulsion of gases 
from the coal. In most coals the oxidation changes are small 
and the loss in weight can be considered as representing moisture 
loss without appreciable error. The process does require, how- 
ever, close attention to certain details, if uniform and accurate 
results are to be obtained and the precautions given by the com- 
mittee to prevent moisture loss in the sample are too often 
neglected. ‘The experience of the writer is that these precautions 
cannot be too strongly emphasized. 

The precautions and details which experience has shown re- 
quire careful attention may be considered under the following 
heads: 

(1) It is absolutely necessary that the greatest of care be 
exercised to prevent moisture changes in the coarse sample while 
being taken and during transit to the laboratory. 

(2) The fine sample for chemical analysis should be in nearly 
an air-dry condition so as to lessen danger from large moisture 
changes while in the laboratory. 

(3) The air of the oven in which the sample is heated to drive 
out the moisture should be of a uniformly dry condition, if uni- 
formity in results is to be obtained. 

(4) The sample after removal from the oven should be cooled 
in a desiccator over sulphuric acid. 

1 This Journal, 21, 1119. 
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Care in Preparation and Shipment of Sample.—As a rule pre- 
cautions to prevent moisture losses during the taking of tte 
sample are not given sufficient attention and the too common 
practice of shipping the coarse sample by mail or express in 
canvas bags cannot be too strongly condemned where tke moisture 
result is expected to represent the moisture in the coal as sampled. 
A sample of coal in a canvas or muslin sack may and usually 
does lose a large portion of its loosely held moisture while in 
transit in warm mail or express cars, and the moisture results 
on such.a sample can be only the moisture present in that particu- 
lar sample in a more or less nearly air-dry condition. This is a 
point which has been too much overlooked in the past and asa 
consequence many hundreds of published analyses of coal sup- 
posedly representative of the coal as mined really lack as much as 
several per cent. of the moisture actually present in the sample 
as mined or shipped. 

Failure to guard against moisture losses is not necessarily of 
serious consequence on samples which have been selected more 
or less at random and sent to the chemical laboratory for analysis. 
On such samples the sender understands that tke particular 
results obtained can represent the seam of coal only in a general 
way. The moisture result on these samples, while low and to that 
extent misleading, is a minor determination, as the ash and sulphur 
are usually the determinations particularly desired. When 
samples from actual steaming tests are handled in this way the 
unaccounted-for moisture losses will, of course, directly affeet the 
accuracy of the test and the heat balance in such a case is neces- 
sarily misleading, as the coal usually analyzes better than the coal 
as actually fired under the boilers. This makes the unaccounted- 
for losses larger by perhaps several per cent. than they should be 
and some coals with an originally high moisture content and con- 
sequent high moisture loss may be made to appear superior to 
really better coals with an originally low moisture content and a 
consequent lower moisture loss in transit to the laboratory. If 
correct moisture results are desired, the only safe way is to have 
the sample shipped from the mine or testing plant in air-tight 
cans, as was recommended by the committee.’ 

Handling of Sample in the Laboratory.—The experience of the 
writer while connected with Professor N. W. Lord as coal analyst 
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for the Ohio Geological Survey, and especially since his con- 
nection with the U. S. Geological Survey Coal Testing Laboratory, 
is that the only satisfactory method of handling all kinds of coal 
samples is to subject all or a portion of the coarse sample (5 to 
io pounds in weight) to a rather thorough air-drying before 
pulverization, weighing the sample from time to time until the 
loss becomes small. This air-dried sample is then ground in a 
closed ball mill and when pulverized the portion for analysis is.at 
once put into bottles and securely stoppered.' 

The drying of the coarse sample to a nearly constant weight by 
simple exposure to the atmosphere of the sampling room is a slow 
process, often requiring several days or a week. When a large 
number of samples are to be handled or where there is any hurry 
for results the air-drying by simple exposure to the air is too slow 
and too troublesome. In the U. S. Coal Testing Laboratory to 
facilitate this drying the samples are spread upon large trays and 
put into a large drying-oven designed for the purpose. The air 
of this oven is kept 10° to 20° warmer than the air of the sampling 
room and is continually renewed by means of an electric fan 
attached to the upper portion of the oven. By this method the 
material is usually dry enough to sample in from six to eight hours 
and can be sampled the day after being received or in special 
cases on the same day. 

The sample as it comes from the oven after the treatment above 
outlined is described as ‘‘air-dried’’ and the analysis of the labora- 
tory sample prepared from it is designated as the analysis of the 
air-dried sample. Experience in the laboratory has shown that 
the percentage of moisture remaining in the coal in this condition 
is affected to a considerable extent by the temperature and 
humidity of the air, the nature of the coal, the weight and coarse- 
ness of the sample, as well as its age and previous treatment. 
For this reason, it is not to be considered as a determination of 
any definitely fixed quality of the coal and it was originally 
adopted merely as a stage in the sampling in order to make it 
possible to further handle and pulverize the coal to the condition 
required for analysis in the laboratory without incurring more 
than trifling ‘alterations in moisture. Experience has shown, 
however, that where the method isconducted systematically and 


' See Preliminary Report of the operations of the Fuel Testing Plant of 
the U. S. Geological Survey, 1905, Bulletin No. 290. 
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the drying continued, as is the case at the Testing Laboratory, 
until the loss between two successive weighings' made at least 
two hours apart is less than 1 per cent. of the weight of the sample, 
the air-drying loss with rare exceptions lies within a sufficiently 
definite range to give it some importance as showing the effect of 
standing and exposure on the percentage of moisture in the coal, 
This is a matter of considerable commercial importance, as so far as 
the moisture content is concerned coals having a large air-drying 
loss are obviously much more affected than coals having a small 
air-drying loss. It further has appeared that the amount of 
residual moisture in the air-dried sample prepared under the 
described conditions usually lies within a range which is somewhat 
characteristic of different kinds of coal, as from 12-16 per cent. 
for lignites, 3 to 6 per cent. for Illinois coals and in the neighbor- 
hood of 1 per cent. for many of the West Virginia coals. 

Understood in this way, the air-drying loss has been deemed 
of sufficient importance to be worthy of publication in connection 
with the analytical results. The amount of air-drying loss has also 
a special significance in the case of wet samples, and the high 
results for moisture upon samples of washed coal or wet slack 
are more easily explained and understood when accompanied 
either by the analysis of the air-dried coal or by the amount of 
air-drying loss on the coarse sample. 
Moisture Determinations in the Fine and Coarse Sample.—Our 
experience is that the preliminary air-drying of the coarse sample 
and the subsequent determination of the moisture in the fine 
air-dried sample taken together give much more satisfactory and 
uniform results than determinations made upon independent 
coffee-mill samples ('/,—-'/,) inches in size) of the undried coal, as 
while in most coals the results are comparable, with some coals 
more or less lignitic in character the moisture determinations 
made on the coarse samples require several hours’ heating before 
giving anywhere near constant weight, as much as several per 
cent., which will be given off by continuing the heating for one or 
two hours longer, often remaining in the sample at the end of an 
hour’s heating. 

Moisture in Air of Oven.—The loss of weight of the sample by 

1 Where the sample is dried by simply exposing it to the air of the 

laboratory, the time between weighings is at least eight, and, more often, 
from sixteen to twenty-four hours. 
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heating for one hour at 105° in an ordinary drying-oven represents 
the moisture in the coal when the sample is dried in laboratory 
air heated to that temperature. On different days the humidity 
of the laboratory air varies greatly with the result that the moisture 
results fluctuate correspondingly, being higher in dry weather 
when the humidity is low and lower in damp weather when the 
humidity is high. These variations may be as great as 0.4 or 0.5 
per cent. In the U. S. Coal Testing Laboratory to eliminate 
this error use is made of a special moisture oven designed by 
Professor N. W. Lord. The oven is constructed with double 
walls and the space between the walls partially filled with a solu- 
tion of calcium chloride of such strength that the boiling-point of 
the solution is high enough to raise the temperature of the oven to 
105°. Concentration of the solution is prevented by means of a 
reflux condenser fitted into the top of the oven. Air is admitted 
into the drying-chamber through a coil of block-tin tubing which 
passes through the calcium chloride solution. The inner end of 
the tubing is soldered into the rear wall of the drying-chamber 
and the outer end is connected to a flask containing concentrated 
sulphuric acid. During a determination air under pressure is 
bubbled through this sulphuric acid, passes through the block- 
tin coil into the drying-chamber and escapes through a small 
orifice in the door of the oven. The air is passed through at such 
a rate that a volume equal to the capacity of the oven passes 
through every six or eight minutes. Most of the moisture of the 
sample is driven off during the first fifteen or twenty minutes so 
that by the end of the hour the air of the oven is practically air- 
dried over sulphuric acid. By working in this way variations in 
the humidity of the laboratory air do not affect the determinations 
and duplicates run at different times agree much more closely 
than where an ordinary air oven is used. 

Use of Concentrated Sulphuric Acid in Desiccators——Formerly 
dry calcium chloride was used in the desiccators in which the 
samples were allowed to cool after being taken from the oven. 
From the results of a number of tests it is shown that coal dried at 
105° has a much greater affinity for moisture than ordinary 
calcium chloride and the samples, if left in the desiccators for any 
length of time, always gave low moisture results. Tests with 
concentrated sulphuric acid as the drying agent in the desiccator 
show that the sample can remain in the desiccator for several 
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hours before weighing without affecting the moisture result. On 
this account all moisture determinations are now cooled in desic- 
cators over concentrated sulphuric acid. 

Chemical Records.—The air-drying of the coarse sample and the 
analytical determinations on the air-dried sample necessitate 
the recalculating of results to obtain the analyses of the ‘‘sample 
as received.’’ The regular analytical records of a sample as kept 
in the chemical laboratory at the Coal Testing Plant are shown by 
the following record of the results obtained on a sample of West 
Virginia coal: 


Laboratory sample number ............seccsecsesesseeeceees 1561 
Per cent. 
Loss of moisture in air-drying of coarse sample......... 3.10 


Analysis of air-dried sample: 


Proximate : 








RUG AE Cs ood sain sian encenscecsccnnsscensncesctuosetcesevertanssseenens 1.01 
WOLAGIS MAELO visi dsscnenssascsecasesenssecscossvessesstseccaease 29.53 
PARC COLON 55a csc sensessecwssiesdtesscassoneteeicatoasesseesinccseee 62.67 
ASH. ...006:0s200sccvesescescvocsesssesocess tansssssessece! seeesecceseeees 6.79 
100.00 
Ultimate : 

Hy drogen............cocccccoccccssccccsccssceseccssescastevccecscosces 5.04 
CAPO 655 csesse casa canis nsincasssinessea segasensssdevanesaweneesessoueies 79.35 
Nitrogeny............cscccccccssssccceseseesosscessesocscesscasccscooens 1.63 
OXYZEM...........00cscccesrecccnecrsscescrsccssocessssecsssscecccsooeee 6.39 
Sulphur .........cccccsecescscscccccsvcscesscsccsecesccsscceseescossces 0.80 
GHEE... civancdicsudesvinssustevsedghbucebenselaneesiausasesebvensenecsretees 6.79 
100.00 
Calories. B.t..U 
Calorific value determined.................06 7984 14371 

Calorific value calculated from ultimate 
WAU BIG. cas ocescoasenensoncesenyesnsoasenconesess 7890 14202 


The analysis of this sample as received is obtained from the 
results on the air-dried sample by multiplying each result by 
100 — 3.10 


100 
per cent. loss on the coarse sainple and to the hydrogen and 


oxygen results so obtained this 3.10 per cent. moisture loss in the 
proportion in which the two elements unite to form water or 1/9 of 
the moisture loss to the hydrogen and 8/9 of the loss to the 
oxygen. 


and adding to the moisture result so obtained the 3.10 
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Performing these operations the analysis on the sample as 
received is as follows: 


Proximate: 











DRO IRU es Sis cccisic en wun ccros sac adicacsccouanacestuaspanacccanews 4.08 
Volatile matter... isesecescccncscascnseseresosussosnccsacesepnuandd 28.61 
PERCO: CED OU ooccccoi cc. 2. ce cncssdacaacdavwsvonsaeeucetessssasenxaes 60.73 
ABR ic svenccdsses) sscusccesases ddapssecsdscdaac sects qudgixecianesaeneees 6.58 
100.00 
Ultimate : 

Bly ODER aa co sese'scans suecacuae | <vacacen scdiccucsedstaisedaeadeacien 5.43 
CAE DON oo onccs cc pocias cusassscccasauauaceunedsscauees<ocepnadnedavecad 76 89 
IVER ODO EE oaacaicc cecudoeccvessaccccasacndeadeccunuseutersccneasacaseess 1.58 
ORY ROI ecco cscciiecccascescces sgeceuapean dneunanewacsseceadcsexesedans 8.95 
SSNs code ax cnn cu'nce ine ncneeediassavecacee evans? uacsseuonnaaiaaessrey 0.77 
NGM .o occ ccacsdicece cuccavsscoutasussduededscdacnncssoacdancsccasaseeeaus 6.58 
100.00 

Calorific value determined—Calories.............. aesceosse. F040 
Be Whacdiececccsagencdendacacs 13925 


The result on the air-dried sample must not be confounded 
with the ‘‘dry coal” of the mechanical engineer. which may be 
obtained from either of the above ultimate analyses by sub- 
tracting from the hydrogen and oxygen shown in the analysis 
the amount of hydrogen and oxygen present in tke mois- 
ture of the proximate analysis corresponding to the ultimate, 
then dividing each of these remainders and each of the 
other percentages of the ultimate analysis by 1oo minus the 
moisture present in the proximate analysis. 

Performing these operations the ultimate analysis for the 
“dry coal”’ on this sample is as follows: 








13 SOOT oT Ena ene cert BECOPOREOnLEr rece Crnere tere trt 4.98 
WAR BDOtiys.. aoc salcasusnssesdanescnscesussnassensscaesacsacs 80.15 
ING ERO SGN 665 fos cach cwcdes aenacareecctascscenneoasesiavenee 1.65 
MINI occas cvecnadecnee exancncooseacdsaeageeds neue 5-55 
SE ENUM oo. cs w:.sernedncscccoseessncsceccatecacncdeeaueaasa 0.81 
GINS 2 -iosasencue de quacdaensa: seevsncecsenayatenasereeaneave 6.86 

100.00 


This seems to be a multiplicafion of results but all appear to be 
necessary. The ‘‘as received” results certainly cannot be dis- 
pensed with, as they represent the actual sample. The results 
on the air-dried sample are the actual results obtained in the 
laboratory and are of interest as showing the analysis of the coal 











1638 MOISTURE IN COAL, 


when in an approximately air-dried condition. The chemist has 
no use for the ‘‘dry coal”’ results but it is necessary to the mechan- 
ical engineer in calculating the heat balance by the code prescribed 
by the American Society of Mechanical Engineers. In the re. 
sults given under the work of the chemical laboratory in the final 
report of the operations of the Coal Testing Plant at the World’s 
Fair, St. Louis, Mo., these analyses are all plainly marked 
‘‘analysis of air-dried sample” and ‘‘sample as received.”’ The 
analyses published in the same report under the report of the 
Boiler Test Division also have the ultimate analyses plainly 
designated as ‘‘dry coal.” In the preliminary report of the 
Testing Plant for 1905 the different analyses are not so specifically 
designated but the same general arrangement holds and in all 
chemical reports any analysis unless otherwise marked refers to 
the ‘‘sample as received.” On the other hand, the mechanical 
engineer using the code adopted by the American Society of 
Mechanical Engineers uses only ultimate analyses calculated to a 
‘“‘dry coal” basis. 

The above explanation of the different methods of reporting 
chemical analyses may appear unnecessary but may possibly be 
of use to the many engineers who are not chemists and to the 
many chemists who are not engineers, and especially to the many 
who are neither chemists nor engineers but who are interested 
in coal analysis. 

Further data relating to the experiments mentioned in this 
paper and a more complete description of the apparatus and 
methods used in the U. S. Coal Testing Laboratory will appear in 
the final report of the Coal Testing Plant for the year ending 
July, 1906, which report is now in course of preparation. This 
report will not, however, be available for some months and the 
importance of the moisture determinations appears to warrant 
calling attention to and emphasizing at this time some of the 
precautions necessary to be observed in order to secure accuracy 


of results. 


CHEMICAL LABORATORY, 
U. S. COAL TESTING PLANT, 
St. Louis, Mo. 
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THE REMOVAL OF «BLACK ALKALI” BY LEACHING,! 
By F. K. CAMERON AND H. E. PATTEN, 
Received August 24, 1906. 

TuHE reclamation of soils containing ‘‘black alkali,” or soluble 
carbonates, presents unusual difficulties. These difficulties are 
due in large part to the fact that soils generally show decidedly 
higher absorptive powers toward bases present in alkaline solu- 
tions than when the solutions are neutral or acid ;? and that the 
presence of hydroxides or carbonates of the alkali metals fre- 
quently induces a ‘‘puddling”’ of the soil, preventing a thorough 
penetration by water and subsequent removal of the water with 
its dissolved contents by drainage. Consequently, a laboratory 
investigation was deemed advisable of two soils which contain 
“black alkali” and which are now in process of reclamation. One, 
a sample from North Yakima, Washington,* was from the surface 
eight inches of the experimental tract north of Wide Hollow 
Creek. The second sample,‘ from the Toft-Hansen tract at 
Fresno, California, was from the surface eight inches of a spot 
plainly showing ‘‘black alkali” at the surface. When collected 
there were a few scattering spears of grain on this spot, although 
all about it the grain had made a good stand. When the crust 
formed by the ‘‘alkali” was broken grain was found which had 
sprouted but had not been able to push through the crust. A 
calcium carbonate hard pan was found about three feet below the 
surface, but was also found at the same depth in adjoining fields 
on which there was a good stand of barley. 


TABLE I.— WATER-SOLUBLE CONSTITUENTS IN SOILS FROM NORTH YAKIMA 
AND FRESNO, EXTRACTED BY DIGESTING ONE PART OF 
SOIL WITH FIVE PARTS OF WATER. 
North Yakima. Fresno. 


” 


Per cent. Per cent. 

Ca, sce cocasetacpecsuatacpeanemteccsis trace trace 
NEG ccausdsndegaceehaccetcas sceccuseanaaes 0.02 trace 
PNG sede vadons acwsasuarsendsnansaresadeesas 0.24 0.13 
Hiker cascdccdacdpxnessccccsseveosecusuccess 0.03 0.02 
NN sentde oss can leasaecaagessneredenauca 0.18 0.09 
Sc csdsvnssnccorstacosnctsaccovessssseds 0.03 0.03 
ERS Claicussainvcaseras secdct eancasntwaesaie 0.27 0.16 
CO ec cnc cdscaseevenswsueneddcnsatedgiads 0.10 0.02 

PORE cavecasacenswacsoucescuneee 0.87 0.45 


' Published by permission of the Secretary of Agriculture. 
* See Bulletins Nos. 30 and 32, Bureau of Soils, U. S. Dept. Agric. 
* Sample No. 14,413, Bureau of Soils collection; Soil Survey. 
* Sample No. 14,402, Bureau of Soils collection; Soil Survey. 
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Chemical analyses of the water-soluble salts in these samples 
by the conventional method’ of digesting the sample with five 
times its weight of water gave the foregoing results. 

It will be observed that both samples were of the same type of 
alkali soils, containing beside the soluble carbonates, notable 
quantities of sodium sulphate, with much lesser amounts of other 
sulphates and chlorides. 

From the mechanical analyses of these samples together with 
their field properties, both the Yakima and Fresno soils would be 
classified as fine sandy loams. 


TABLE II.—MECHANICAL ANALYSES OF SOILS FROM NORTH YAKIMA, 
WASHINGTON, AND FRESNO, CALIFORNIA. 


Diameter. North Yakima, Fresno. 

mm. Conventional name. Per cent. Per cent. 
2-1 Fine OTAVel ss. cxccsectsscsese trace O.I 
I-0.5 COATSE SANE s.0550:cc0ese0resce0s i3 221 
0.5-0.25 Meds GANG co.c0css0 seses a5 a7 
0.25-0.1 PIO SAME ccnvacanswasexecesece 12.8 24.7 
0.1-0.05 Very finesand.................. 21.2 33.6 
BOS-OOO5° “HSE. 6 owsc.cicscccesesessccascesssscse 48.6 29.5 
0,005-0 IBN. cviexsucesseacdasmceusnstoseor 13-5 6.2 


Experimental Methods.—The method of percolation was essen- 
tially the same as described by Schreiner and Failyer in Bulletin 
No. 32 of this Bureau (1906), ‘‘The Absorption of Phosphates 
and Potassium by Soils,’’? with the exception that a constant 
water pressure was used instead of attempting to maintain the 
rate of percolation constant. One hundred grams of soil were 
placed in a paraffined brass tube fitted below with a short section 
of a Pasteur-Chamberland filter tube, and distilled water allowed 
to percolate through the soil under a constant water pressure of 
199 cm., or 6.5 feet. 

The volume of each percolate was measured, its electrical 
conductivity taken with a field bridge, and its time of flow recorded. 
Normal carbonates (CO,) and bicarbonates (HCO,) were then 
determined volumetrically with standard acid potassium sulphate 
solution, and the chlorine titrated with tenth-normal silver nitrate 
solution, using potassium chromate as indicator. Sulphates were 
not determined because the amounts here involved are too small 
to have any great agricultural significance, and the analytical 


1 Bull. No. 18, p. 65, Bureau of Soils, U. S. Dept. Agric. (1901). 
2 See also J. Physic. Chem. 10, 239, 361 (1906). 
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difficulties in handling quantities of this magnitude would be 
unjustifiably great. 

Results with Soils from North Yakima.—The data obtained 
with the Yakima soil are given in Table III. The first column 
gives the time during which percolation has been progressing; the 
second column the volume of percolate which has passed; the 
third column the conductivity of the successive percolates, at 
25°, expressed in reciprocal ohms multiplied by 1000, which may 
be converted to ‘‘specific conductivity”” by multiplying by the 
cell factor, 3.57. The next three columns give concentrations 
in the successive leachings and the last three columns show the 
total amounts of the several constituents removed from the soil. 

An inspection of the results presented in this table (III) shows 
that while the water which was passed through the soil was kept 
under a constant head, the rate of percolation was not constant 
but varied somewhat from time to time. The first water entering 
the dry soil ran through quite rapidly, but as soon as the soil 
became saturated, it moved much more slowly. Subsequent 
variations in the rate of percolation were observed, undoubtedly 
due in some cases, to ‘‘channeling’’ in the soil, in some cases 
probably to ‘‘silting up” of channels, and in part to the fact that 
as the percolation proceeded with a consequent decrease in the 
amount of alkali present, the strongly deflocculating action of 
this material became less and less, so that the soil behaved as 
though it underwent a change in texture as well as in structure. 
For these reasons the concentrations of the successive portions 
of the percolates, as evidenced by the conductivity as well as the 
analyses, did not show a regularly progressive change, although 
on the whole, the concentrations became lower and lower as 
percolation proceeded. These results are in harmony with many 
field observations where it has been found that the concentration 
of a drainage water may vary over quite a wide range, depending 
upon the rate at which the applied water moves through the soil, 
and upon whether a sufficient length of time had elapsed for 
equilibrium to result between the salts dissolved and the salts 
remaining in the soil.' 

In the present case, chlorides had practically disappeared after 
778 hours, when 829 cc. of water had passed through the soil. 

' See Bull. No. 33, p. 10, Bureau of Soils, U. S. Dept. Agric. (1906); 
and this Journal, 28, 1229 (1906). 
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312 
360 
432 
480 
558 
726 
778 
827 
873 
940 
988 
1,065 
L154 
1,163 
I,2I0 
1,259 
1,306 
1,378 
1,443 
1,499 
1,566 
1,614 
1,665 
1,711 
1,785 
1,836 
1,884 
T,932 
2,004 
2,076 
2,148 
2,340 
2,460 
2,580 
2,772 
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TABLE III.—EXPERIMENTAL DATA FROM NORTH YAKIMA SOIL, 


perco- 


Volume of 
late passed. 


~ 
OW 
aN 


170 

242 

312 

383 

473 

539 

629 

739 

829 

917 

992 
1,097 
1,184 
1,314 
1,398 
1,485 
1,562 
1,642 
1,716 
1,831 
1,951 
2,050 
2,138 
2,216 
2,306 
2,378 
2,490 
2,586 
2,673 
2,768 
2,908 
3,028 
3,148 
3,378 
3,583 
3,813 
4,088 


tions of percolate 
7 =45°C. 


successive por- 
<1. T 


Conductivity of 


Concentration of suc- 
cessive portions of 
percolate in parts per 
million of solution. 


CO3. 


84 
196 
171 
223 
168 
128 

89 

64 

73 

73 

73 

67 

78 

78 

50 

42 

34 

22 

27 

22 

6 
8 
II 


4 
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HCO3. 
1,160 
1,586 
753 
406 
445 
403 
385 
388 
321 
263 
218 
221 
158 
130 
170 
185 
164 
170 
145 
127 
139 
130 
109 
115 
103 
94 
85 
79 


cl. 
193 
I1lo 
152 


FROWN LS 


trace 


Total grams constituents leached 
from 100 grams of soils, 


CO. 
0.00304 
0.0156 
0.0274 
0.0433 
0.0550 
0.0641 
0.0722 
0.0764 
0.0829 
0.0909 
0.0974 
0.1034 
1093 
1173 
1219 
1273 
1301 
1322 
1343 
1361 
1365 
1372 
1385 
1396 
1404 


© ie P. O10 40 50 1040 O40) 1018) 


HCOs. 
0.0424 
0.1439 
0.1962 
0.2252 
0.2563 
0.2849 
0.3199 
0.3451 
0.3740 
0.4029 
0.4225 
0.4420 
0.4538 
0.4675 
0.4823 
0.5065 
0.5203 
0.5352 
0.5470 
0.5583 
0.5683 
0.5733 
0.5864 
0.5978 
0.6069 
0.6142 
0.6214 
0.6271 
0.6353 
0.6429 
0.6487 
0.6551 
0.6645 
0.6718 
0.6784 
0.6900 
0.6996 
0.7093 
0.7209 
0.7283 


Cl. 
0.00715 
0.01420 
0.0247 
0.02498 
0.02512 
0.02533 
0.02569 
0.02595 
0.02606 
0.02615 
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Normal carbonates failed to appear in the percolate after 1,614 
hours when 2216 cc. of solution had passed. This does not mean, 
however, that no normal carbonates remained in the soil for, as 
has been previously shown in this laboratory,’ dilution of a normal 
carbonate causes a change with formation of more bicarbonate. 
It is certain that the amount of normal carbonates in the solution 
has been reduced to a point below that dangerous to plant growth. 
The alkali in the form of bicarbonates, however, continued to be 
Jeached from the soil after percolation had proceeded for 120 
days and a total volume of over 4200 cc. had passed through the 
soil. The results are readily seen in Fig. 1, where the abscissas 


North A, 





Total cubic centimeter of Percolate. 
Fig. 1. 
ate total volume of percolate and the ordinates, total grams of 
the several constituents removed from the soil. It will be ob- 
served that the curves are asymptotic. In the case of the chlorides 
and normal carbonates, as noted above, the amounts in the 
successive portions of percolate soon become too small to deter- 
mine accurately, but in the case of the bicarbonate amounts 
could still be readily determined, while the run of the figures in 
the table and the shape of the curve show that at the time the 
experiment was terminated the amount in the successive portions 


1 Cameron and Briggs: Bull. No. 18, p. 14, Bureau of Soils, U. S. Dept. 
Agric, (1901); J. Physic. Chem. 5, 537 (1901). 
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of percolate was diminishing so slowly as to be almost constant. 
This is brought out more clearly in Fig. 2, in which the ordinates 
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represent the concentrations in parts per million in successive 
portions of the percolate. The results in this chart are calculated 
from the curve in Fig. 1, rather than from the actually observed 
values, in order to avoid the accidental experimental errors noted 
above, and thus obtain a more accurate idea of the nature of the 
curve. This result is analogous to former leaching experiments 
made in this laboratory. An inspection of the results for bi- 
carbonates shows, moreover, that, if the first few observations be 
disregarded, the leaching curve is described with fair accuracy 
by the equation 

) 

*Y =K(A—)), 

proposed by Schreiner and Failyer.! 

Results with Soils from Fresno—tIn working with the Fresno 
sample the same experimental difficulties were encountered as 
with the Yakima sample, in that changes in flocculation and 
channeling materially affected the rate of leaching. In Table IV 


1 Bull. No. 32, p. 23, Bureau of Soils, U. S. Dept. Agric. (1906). 
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are given the rates of leaching during the earlier part of the ex- 
periment. The results are more clearly shown in Fig. 3. It will 
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Fig. 3. 
TABLE IV.—RATE OF LEACHING IN SOIL FROM FRESNO. 
Total cc. percolate. Cc. per hour. 
20 0.83 
31 0.23 
49 0.38 
IOI 0.54 
159 0.60 
238 0.66 
295 0.73 
368 1.08 
443 1.46 


be seen’ that at first there was a rapid fall in the rate, and then as 
percolation proceeded with the formation of channels and an in- 
crease in the flocculation due to the alkali there is an increase in 
the rate of percolation, becoming quite regular after about 300 cc. 
had passed through the soil. It is believed that these changes 
in the physical condition of the soil as affecting percolation in 
these experiments are very helpful in showing what may be ex- 
pected in field practice, although it must be remembered that the 
intermittent leaching to which the soil is subjected in the field 
should be more effective than the laboratory results, in so far at 
least as respects the volume of water required. 
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In Table V are given the data obtained from the leachings of 
the Fresno soil, which are also shown in Figs. 4 and 5. 
TABLE V.—EXPERIMENTAL DATA FROM FRESNO SOIL. 


.. eee 
iy eee 
5 «xZ BER, 
= Ou Pie Concentration of suc- 
a ua, 0 o oS. cessive portions of ; 
o Ey =gae percolate in parts per Total grams constituents leached 
g 23 asdy million of solution. from roo grams of soil. 
ra Se Yon’ iGon wHeO., Lel! CO. HCO3. Cl. 
24 Or svazons os 1,514 BAZ -sevastene 0.0303 0.0070 
W2 a a 4,125 GOL ~~ -scassiees 0.0757 0.0176 
120 ADO -kisin a 2,860 BBO.” “Cscessanes 0.1268 0.0264 
216 IOI 7.87 81 1,370 IOI 0.0042 0.1981 0.0317 
312 159 3.31 45 475 ° 0.0068 0.2256 
432 238 2:37 23 297 0.0086 0.2489 
510 295 1.603 I2 206 0.0092 0.2606 
578 368 1.243. 12 137 0.0100 0.2706 
630 444 0.842 3 II2 0.0102 0.2791 
679 514 0.680 I 105 0.0103 0.2865 
724 572 0.59 o 79 0.2911 
791 656 0.52 73 0.2972 
839 724 0.53 67 0.3017 
g16 833 0.49 64 0.3087 
964 gi2 0.401 55 0.3131 
I,0I4 1,000 0.366 33 0.3160 
1,061 1,083 0.361 33 0.3187 
I,¥I0 © F, F62 0.351 33 0.3214 
1,157. 1,230 0.376 43 0.3242 
1,229 1,345 0.417 42 0.3291 
1,301 1,459 0.400 42 0.3340 
1,357 1,558 9.370 37 0.337 
1,424 1,667 0.334 27 0.3406 
E472 1,744 0.307 21 0.3422 
1,523 1,829 0.312 19 0.3437 
1,569 1,905 0.283 15 0.3449 
1,643 2,017 0.296 12 0.3462 
1,694 2,104 0.293 15 0.3475 
1,742 2,185 0.293 18 0.3490 
1;790 2,271 0.292 18 0.3506 
1,862 2,393 0.235 15 0.3524 
1,934 2,513 0.209 15 0.3542 
2,006 2,626 0.202 15 0.3559 
209  §2;850.wsseee r7 0.3598 
2210 <F.00% —sassse 18 0.3635 
2,438 3,291 0.362 18 0.3677 
2,630 3,575 25 0.3745 


2,745 3,756 15 0.3773 
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Fresno Soil 
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It will be observed that in general the results are very similar 
to those obtained with the heavicr soil from Yakima, but, as 
might reasonably be expected, the soluble salts disappear more 
rapidly from the lighter soil. It will be interesting to observe 
also that in the case of the Fresno soil the curve for chlorides 
(Fig. 4) lies above that for normal carbonates while the reverse 
is the case with the Yakima soil (Fig. 1). This might seem to 
illustrate a selective absorption, which soils undoubtedly Possess, 
but nothing of the kind can be predicted in this case, since the 
Yakima soil probably contained, initially, much more normal 
carbonates than did the Fresno sample, while both contained 
approximately the same amounts of chlorides. It will be further 
observed that the later leachings, while approaching a constant 
composition with respect to bicarbonates, are more dilute than in 
the case of the heavier Yakima soil, indicating a higher absorptive 
power in the latter. 

The Eatraction of Soluble Salts from Soils —It will be observed 
that the leachings from the two soil samples here described has 
resulted in the removal of larger total amounts of soluble salts 
than the standard method of analysis shows to be originally 
present. The amounts of carbonates removed by the leaching 
process agrees with the amounts found present by digesting the 
soil with five times its weight of water even within the limits of 
experimental error. In the case of normal carbonates, the 
continuous leaching as compared with the digestion used in the 
analytical procedure, showed slightly more in the Yakima soil 
and somewhat less in the Fresno sample. The differences are, 
however, so small as to be quite possibly ascribed to analytical 
errors, but it ‘should be remembered that the addition of much 
water has the effect of converting a part of the normal carbonates 
into bicarbonates, and it is in respect to this constituent that the 
leaching process yields much higher results than does the empirical 
method employed in the analytical procedure which cannot take 
proper cognizance of absorption effects. The results on the 
whole indicate that the analytical procedure, with its known 
inherent defects, nevertheless gives a very fair idea of the soluble 
constituents of the soil, where the generally impracticable method 
of leaching cannot be employed. 
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SUMMARY. 

In the foregoing pages results have been presented which 
indicate the following conclusions: 

(1) Neutral salts such as the chlorides in the presence of car- 

bonates can be comparatively readily and completely leached 
from the soil. 
_ (2) With continued leaching of soils containing “black alkali” 
there is an increase in the rate at which percolation takes place, 
due probably to the reduction of the amount of alkali present 
and its effect on the physical structure of the soil. 

(3) With continued leaching there is a comparatively rapid 
reduction of normal carbonates in the soil water, due in large 
measure to conversion into bicarbonates. 

(4) Bicarbonates are rapidly removed at first and then con- 
tinue to be slowly removed in the soil waterin very small amounts, 
diminishing so slowly as to be practically constant for an in- 
definite period. 

F(5) Soils containing ‘‘black alkali’? can be reclaimed by leach- 
ing, but the time and the amount of water required are probably 
much greater than in the case of ‘‘white alkali.”’ 


BUREAU OF SOILS, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


THE CRYSTALLINE SUBSTANCES OF PRICKLY ASH BARK,’ 
By H. M. GORDIN. 
Received August 11, 1906. 

THE discovery of a crystalline substance in northern prickly 
ash (Xanthoxylum fraxineum, s. X. Americanum) is due to E. 
Staples.?, The same crystals were later isolated by J. U. Lloyd® 
and more fully examined by G. Eberhardt. To this substance 
the name of xanthoxylin (xanthoxyline) was given by Staples. 

Another crystalline substance was isolated by G. Colton® from 
southern prickly ash (Xanthoxylum Carolinianum, s. X. Clava- 
Herculis) and was shown by Eberhardt® to be different from the 

1 A preliminary report of this work was read before the A.Ph.A. in 1903. 
2 Am, J. Pharm, 1829, 163. 
3 Ibid. 1890, 229. 
* Ibid. 1890, 231. 
5 Ibid. 1890, 191. 
Loc. cit. 
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one contained in the northern variety of the drug. This sub- 
stance, too, was named xanthoxylin. 

Still another substance, also named xanthoxylin by its dis- 
coverer, was isolated by Stenhouse’ from Japanese pepper 
(Xanthoxylum piperitum DC.). 

The xanthoxylin of Stenhouse is isomeric with cantharidin and 
seems to be entirely different from either of the crystalline prin- 
ciples contained in the prickly ash barks. 

In order to avoid confusion I propose to retain the name xanth- 
oxylin for the substance isolated by Stenhouse from Japanese 
pepper, and to designate with the name xanthoxylin N the 
crystalline principle first obtained by Staples from northern 
prickly ash, and with the name xanthoxylin S the crystalline 
principle of southern prickly ash. 


XANTHOXYLIN N. 


Among the many substances which accompany xanthoxylin 
N in the northern prickly ash bark are a considerable amount of 
fixed oil, in which the xanthoxylin N seems to be very easily 
soluble, and an amorphous wax-like substance also easily soluble 
in the oil and in hot alcohol, but difficultly soluble in cold alcohol. 

As xanthoxylin N is also easily soluble in hot, but difficultly 
soluble in cold alcohol, it is quite difficult to isolate xanthoxylin 
N in perfect purity by simple recrystallization from this solvent 
even if recrystallization be repeated several times. As the 
solubilities of xanthoxylin N and of the waxy substance in other 
solvents also seem to be very much alike, recrystallization from 
other solvents, too, is very unsatisfactory and connected with 
great waste of material. This accounts for the small yicld ob- 
tained by previous investigators. 

A preliminary examination of some pure xanthoxylin N ob- 
tained from a previous batch by Staple’s method showed that, 
while xanthoxylin N is almost insoluble in cold water and only 
difficultly soluble in cold alcohol, it is extremely easily soluble in 
cold alcohol containing a few per cent. potassium hydroxide. 
Such a solution of xanthoxylin N in alcoholic potassium hy- 
droxide can be diluted with water to any extent without causing 
the slightest turbidity even after standing for several months. 
If excess of mineral acid or acetic acid be added to the alkaline 


1 Ann. 89, 257; 104, 236. 
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solution, the xanthoxylin N, particularly when not quite pure, 
separates out as an oily liquid, but if the alkaline liquid be sat- 
urated with carbon dioxide the xanthoxylin N separates out un- 
changed and crystalline provided it had not been boiled for some 
time with the alcoholic solution of the alkali. 

Making use of this behavior of xanthoxylin N, the following 
method seems to be the best for its isolation. 

The powdered northern prickly ash bark is exhausted with cold 
benzene and, after the solvent is distilled off completely, the oily 
residue is mixed with an equal volume of 5% per cent. solution 
of potassium hydroxide in alcohol. After standing for three or 
four hours the liquid is diluted with an amount of water equal to 
double the amount of alcohol taken and, after thorough shaking, 
transferred to a separating funnel. On standing over night a 
dark layer containing most of the xanthoxylin N dissolved in the 
alkaline liquid settles at the lower part of the separating funnel 
while a yellow oil floats on the surface. The alkaline liquid is 
drawn off and saturated with carbon dioxide. At first the liquid 
becomes turbid but after a while beautiful shining crystals com- 
mence to appear which look very pretty in the dark liquid. The 
crystals were collected after a few days’ standing of the liquid 
and, after thorough washing with water, dried and weighed. 
The crude xanthoxylin N obtained by this method amounted to 
3.5 per cent. 

For purification the xanthoxylin N had to be recrystallized 
eight times, using animal charcoal in the last recrystallizations, 
before the melting-point remained constant. bin ai: ies 

Xanthoxylin N forms dazzling white needle-shaped crystals. 
It is extremely easily soluble in benzene, chloroform and hot 
alcohol. It is a little less soluble in cold acetone and less yet in 
ether. It is soluble in 49 parts of cold alcohol and about 25,000 
parts of cold water. It melts at 132.5° to a clear yellowish liquid 
which does not re-solidify on cooling for about two hours. At 
110° it assumes a yellowish tint but becomes white again on 
cooling. 

A solution of xanthoxylin N in ethyl or methyl alcohol is 
colorless. Upon the addition of potassium hydroxide the alcoholic 
solution becomes yellow but the color disappears upon neutralizing 
the alkali with an acid. A saturated solution of xanthoxylin N 
in water has no color if kept protected from the air. Exposed 
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to the air or upon addition of alkali, the aqueous solution soon 
assumes a bluish fluorescence. The fluorescence is intensified by 
addition of potassium hydroxide. Addition of about to per 
cent. alcohol or a few drops of dilute acid destroys the fluores- 
cence, 

In presence of potassium hydroxide, xanthoxylin N is very 
easily soluble in cold alcohol but solution is not effected im- 
mediately. 

On covering 1 gram xanthoxylin N with 1o cc. of a 5 per cent. 
solution of potassium hydroxide in alcohol it takes about an hour 
to dissolve all of the substance. On evaporating the alcohol 
from such a solution after diluting it with four times the amount 
of water, the liquid assumes a dark yellow color but no xanth- 
oxylin N separates out on standing if the solution be protected 
from the carbon dioxide of the air. 

Xanthoxylin N is tasteless in aqueous solution and has a very 
slight pricking taste in alcoholic solution. 

It is optically inactive. 

Cold aqueous potassium hydroxide does not affect xanthoxylin 
N. When boiled for a long time with a ro per cent. solution of 
the alkali it very slowly goes into solution, forming a dark yellow 
liquid from which it is reprecipitated unchanged by a current 
of carbon dioxide. 

Sulphuric acid colors xanthoxylin N red. On digesting 
xanthoxylin N in cold sulphuric acid till it is dissolved and then 
throwing the red solution into much water the xanthoxylin N 
separates out unchanged as shown by melting-point and general 
behavior. If xanthoxylin N be digested over night with sul- 
phuric acid at a temperature of 80° and the dark red solution then 
thrown into water a resinous precipitate separates out which is 
easily soluble in alkalies and alkaline carbonates but difficultly 
soluble in barium hydroxide. 

The formula of xanthoxylin N given in the preliminary report 
was corroborated by new analysis. 

The analysis gave C, 69.65, 69.64, 69.89 and 69.93; H, 5.33, 
5-53, 5-39 and 5.70. Calculated for C,;H,,0,: C, 69.73; H, 5.47. 

A molecular weight estimation by the lowering of the freezing- 
point, using benzene as solvent, gave 225, 254, 273 and 289. 
Calculated for C,;H,,O,, 258.14. 

Tested by Zeisel’s method xanthoxylin N was found to contain 
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one methoxyl group. In carrying out the method it was found 
that when hydriodic acid alone is used the substance becomes 
one solid lump which does not break up during the whole opera- 
tion, hence the results obtained are about 1 per cent. too low; 
but if the substance is first dissolved in 8 cc. of warm glacial 
acetic acid and the solution then mixed with 10 cc. hydriodic 
acid (sp. gr. 1.7) the results are very fair. 

Analysis gave 11.47 and 11.46 CH,O. Calculated for C,,H,, 
(CH,0)O;, 12.03 CH,O. 

Hydrated Xanthoxylin N Dibromide, C,;H,,Br,0,.H,0.—The 
presence of a double binding in xanthoxylin N is shown by the 
absorption of one molecule of bromine by a molecule of xanth- 
oxylin N. Five grams of xanthoxylin N were dissolved in 30 
cc. glacial acetic acid and a 20 per cent. solution of bromine in the 
same solvent then added drop by drop till the slightly yellowish 
tint, which appears after the addition of the first drop of the 
bromine solution, changes to a decided red. About 3.2 grams of 
bromine were consumed and no evolution of hydrobromic acid 
could be noticed. The reddish liquid was then thrown into about 
700 cc. of very cold water with constant stirring. The white 
precipitate which separated was thoroughly washed with water 
and after drying on porous plates recrystallized from a mixture 
of acetone and alcohol. The brominated xanthoxylin N crystal- 
lizes in white warts, melting at 171° with effervescence. Analysis 
of the compound showed that in the treatment with bromine 
under the above conditions xanthoxylin N takes up besides two 
atoms of bromine one molecule of water. This water cannot be 
removed either by keeping the brominated compound in vacuum 
over sulphuric or by heating it to 110° for three hours. 

‘> Analysis gave C, 41.19 and 41.05; H, 3.59 and 3.55; Br, 36.33 
and 36.94. Calculated for C,;H,,Br,O,.H,O: C, 41.28; H, 3.71; 
Br, 36.67. 

On prolonged exposure to the light the dibromide assumes a 
yellowish tint. The dibromide is easily soluble in cold alcohol 
and insoluble in water. It is very easily soluble in cold alcohol 
containing potassium hydroxide and the alkaline alcoholic solu- 
tion can be diluted with water to any extent. 

Dihydroxanthoxylin N, C,3H,O,—On passing a current of 
hydriodic acid into a solution of xanthoxylin N in eight times its 
amount of glacial acetic acid the substance takes up two hydrogen 
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atoms and separates out as a hard resinous mass upon dilution 
of the acid liquid with water. After removal of the iodine by the 
usual methods and recrystallizing repeatedly from hot alcohol 
the dihydro compound was obtained in white needles melting at 
142-143°. The dihydro compound is easily soluble in ether, 
chloroform, benzene and hot alcohol. It is difficultly soluble in 
cold alcohol and almost insoluble in water. Towards aqueous 
and alcoholic potassium hydroxide it behaves like xanthoxylin N 
itself. 

Analysis gave C, 69.31 and 69.05; H, 6.50 and 6.25. Calculated 
for C..H,0,: C, 69.19; H, 6.21. 

The dihydroxanthoxylin N, like xanthoxylin N, contains one 
methoxyl group. 

Analysis gave 11.56 and 11.50 CH,O. Calculated for C,,H,, 
(CH,O)O,, 11.93 CH,O. 

All attempts to prove the presence of hydroxyl or ketone groups 

in xanthoxylin N by the usual methods were unsuccessful. 
In every case the substance was recovered unchanged. The 
behavior of the substance towards alcoholic potassium hydroxide 
and subsequent dilution with water would seem to indicate that 
xanthoxylin N is a lactone. That this is not so is shown by the 
fact that it does not form a benzoyl compound in alkaline solu- 
tion. 
The experiment was carried out as follows: The xanthoxylin N 
was dissolved in about six times its amount of pyridine and the 
solution shaken three hours with a 20 per cent. solution of sodium 
hydroxide, using an amount of the alkaline solution equal to the 
amount of pyridine taken. The liquid which became miscible 
with water was then shaken with benzoyl chloride, after adding 
some more dilute sodium hydroxide. 

The solution was then treated with an excess of carbon dioxide 
and the precipitate which separated out recrystallized from hot 
alcohol. It was found to be unchanged xanthoxylin N as shown 
by its melting-point and general behavior. 

Xanthoxylin N does not behave like an anhydride of a mono- 
basic acid as it does not form an anilide when treated with aniline. 
(R.CO),0 + 2C,H;NH, =C,H,;NH(RCO) +C,H;NH,.RCO,H.' 

The experiment was carried out by dissolving 0.5 gram xanth- 
oxylin and 0.5 gram aniline in 10 cc. of hot alcohol and setting 
1 Menschutkin and Wassiliew : J. russ. chem. Ges. 1889, 192. 
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the liquid aside over night. Most of the xanthoxylin N crystal- 
lized out unchanged as was shown by its melting-point and the 
absence of nitrogen by Lassaigne’s test. On the other hand, 
towards other reagents xanthoxylin N acts like a monobasic acid. 

When xanthoxylin N is dissolved in an excess of standardized 
solution of potassium hydroxide in methyl alcohol and, after 
dilution with water, the excess of alkali titrated with standard 
acid, no acid properties are indicated by methyl orange, but if 
phenolphthalein be used as indicator the xanthoxylin N behaves 
like a monobasic acid. 1.0127 grams xanthoxylin N neutralized 
7.9 cc. N/2 potassium hydroxide. Calculated for C,,H,,O, as a 
monobasic acid, 7.7 cc. If the neutralized liquid is set aside in a 
stoppered flask it turns red again in about an hour. On now 
adding more standard acid till the red color disappears and setting 
the liquid aside, it again assumes a red color on standing. This 
phenomenon is repeated till an amount of acid is added which is 
equivalent to the amount of alkali used. The whole operation 
occupied about three days. Hence xanthoxylin N shows the 
phenomenon of slow (abnormal) neutralization like some pseudo- 
acids studied by Hantzsch. 

Towards resorcinol xanthoxylin N behaves like an anhydride 
of a dibasic acid, giving the phthalein reaction with great bril- 
liancy. On heating xanthoxylin N with four times the amount of 
resorcinol and a small amount of fused zinc chloride to 150° till 
a drop of the melt becomes soluble in cold dilute potassium hy- 
droxide (about two hours), dissolving the melt in dilute alkali 
and then adding an excess of acetic acid, a yellow precipitate is 
formed which is very little soluble in water or dilute acids but 
dissolves in dilute alkali with intense blue fluorescence. A blank 
experiment with resorcinol alone showed that the phthalein re- 
action was due solely to the xanthoxylin N, as the resorcinol 
melt gives with alkali only a green fluorescence but no yellow 
precipitate upon addition of acids. 

It follows from these experiments that of the four oxygen atoms 
of xanthoxylin N the function of only one is established with 
certainty as belonging to a methoxyl group. As to the other 
three oxygen atoms it is as yet impossible to say whether they are 


R—CO 
present in the form of a (R.CO),O group, ora | “o group 
| 
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or in some other form. Further work which I have in hand will, 
I believe, clear up the subject. 


XANTHOXYLIN S. 


The xanthoxylin S existing in southern prickly ash seems to be 
nearly related to the xanthoxylin N of the northern bark. Analysis 
seems to indicate that it is the next lower homologue of xanth- 
oxylin N, 7. e., it contains CH, less than xanthoxylin N. 

Xanthoxylin S does not behave towards potassium hydroxide 
and carbon dioxide like xanthoxylin N, and the method used for 
the separation of the latter from the oil cannot be used for the 
separation or purification of xanthoxylin §. As the xanthoxylin 
S does not seem to be affected by boiling alcoholic potassium 
hydroxide, it might be possible to separate it from the oil by 
saponifying the oil and shaking out with benzene or ether. I 
intend to try this method later on. For the present, I have 
obtained a small amount of the xanthoxylin $ in the following 
way: 

The powdered southern prickly ash was exhausted with benzene, 
the latter distilled off completely, and the oily residue mixed with 
twice its volume of petroleum ether. On standing over night a 
considerable amount of a crystalline sediment separated out. The 
crystals were taken up with cold ether, the ethereal solution 
filtered, the ether distilled off, and the residue recrystallized 
repeatedly from hot alcohol. 

Thus obtained the crystals were snow-white, and melted at 
I19-120°. 

Analysis gave the following results: 

(1) 0.28585 gram substance gave 0.71587 gram CO, and 0.1429 
gram H,O. 

(2) 0.1150 gram substance gave 0.2901 gram CO, and 0.0575 
gram H,O. 

Calculated for C,,H,,0,: C, 68.81; H, 4.96. Found: C, 68.54; 
H, 5.62. 

No methoxyl group could be found by Zeisel’s method. The 
xanthoxylin S is possibly an alcohol or a phenol of which xanth- 
oxylin N is the methyl ether. The formula of xanthoxylin $ 
could then be written C,,H,,(OH).O,, and that of xanthoxylin N, 
C,,H,,(O.CH,)O,. The figures obtained by the elementary 
analysis of xanthoxylin S would also correspond to the formula 
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C,,H,,0,. An estimation of the molecular weight by the freezing- 
point method with benzene as solvent, gave as an average 326. 
The formula C,,H,.O, gives 244.12; the formula C,,H,,O, gives 
366 for the molecular weight. A study of other derivatives will 
be required for the establishing of the exact formula of xanth- 


oxylin S. This work is to be continued. 
NORTHWESTERN UNIVERSITY SCHOOL OF PHARMACY. 


[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY, U. S. DEPARTMENT OF 
AGRICULTURE. | 
INVESTIGATIONS ON THE PROPERTIES OF WHEAT 
PROTEINS. 
By JOSEPH S. CHAMBERLAIN, 
Received September 1, 1906. 


I. THE SEPARATION OF THE PROTEINS. 


THE proteins of wheat according to the work of Osborne and 
Voorhees,! are five in number, v2z., gliadin, glutenin, an albumin, 
a globulin and proteose. The first of these, gliadin, is soluble in 
70 per cent. alcohol. Glutenin is insoluble in alcohol, and to- 
gether with gliadin constitutes about 80 to 85 per cent. of the 
total proteins of the wheat. The other three proteins, viz., the 
albumin, the globulin and the proteose are soluble in dilute salt 
solutions and together constitute about 15 to 20 per cent. of the 
total proteins present. 

This separation of the proteid substance of wheat into these 
five individual proteins is not accepted by all who have worked 
upon the problem, e. g., F. Kutscher? claims, from a study of the 
cleavage products, that there are but three proteins in wheat, 
vz, gluten casein, corresponding to Osborne and Voorhees’ 
glutenin, gliadin, readily soluble in 60 per cent. alcohol, and 
gluten fibrin, slightly soluble in 60 per cent. alcohol. Ritthausen® 
had previously distinguished four proteins, one insoluble in alcohol, 
gluten casein, and three soluble in alcohol, viz., gliadin, gluten 
fibrin and mucedin. Kutscher‘ claims, from a study of the 
products of hydrolysis, that mucedin and gliadin are the same. 


? Am. Ch. J. 15, 392 (1893). 

? Z. physiol. Chem. 38, 111 (1903). 

* “Die Eiweissk6rper der Getreidearten, Hiilsenfriichte und Oelsamen”’ 
(Bonn, 1872, Dissert.). 
* Loc. cit. 
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Fleurent’ claims three different proteins present in wheat gluten, 
and K6nig and Rintelen? agree with Ritthausen that there are 
four. One explanation of this difference of opinion is, that some 
of the above investigators worked with wheat gluten alone, 
while others worked with the wheat itself. As will be shown later 
on, wheat gluten is not of uniform composition, unless prepared 
by exactly the same methods and under the same conditions, nor 
does it contain all of the proteins of the wheat. 

Without going more into detail in regard to the views of these 
and other writers on this subject the author wishes to speak of 
some results that have been obtained in an effort to make a 
quantitative separation of the proteins of wheat. Osborne and 
Voorhees® state, as the general quantitative result, that the 
amounts of the different proteins in wheat are: 








TABLE I. 
Protein. Protein. 

Per cent. of wheat. Per cent. of total proteins. 
GUAECRIA  csckssdcsincccecscss 4.428 40.25 
GUIDE ones. cat svoctsecsyecees 3.936 35.78 
NO ee 0.625 5.68 | 
PUPROU oc ccssvcsstacipesenss 0.621 5.64 f 14.25 
PEOUBOGS eosc5scesuedasecevaess 0.322 2.93 | 
H,O washings...........00 1.076 9.78 

RUGUHI \acveacstetcoscceneas 11,009 100,06 


ACTION OF HOT ALCOHOL. 


It is practically impossible to extract a flour with a salt solu- 
tion and then, after filtering it, to extract the residue with alcohol, 
because of the difficulty of filtering off the salt solution completely 
and the effect of the presence of a small amount of salt on the 
solubility of the alcohol-soluble proteins. The following table 
gives results obtained when the flour was extracted directly with 
70 per cent. alcohol, and examination was made to see if hot 
alcohol would dissolve out more protein than cold. In this and 
the following tables the results are the averages of a series of 
determinations in each case. 


1 Ann, Agron, 1898, 371. 
2 Z. Nahr. Genussm. 8, 401, 721 (1904). 
3 Loc, cit. 
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TABLE II. 
Protein. Protein. 
Per cent. of flour. Per cent. of total proteins, 
Cold alcohol on air-dry flour......... 7.47 56.80 
Hot alcohol on air-dry flour......... VES, 54.43 
Cold alcohol on dry flour............. 4.58 34.82 


These results show that the use of hot alcohol has a diminishing 
effect due, no doubt, to the coagulating action of the hot solution 
and its effect on the solubility of the proteins. If, also, the flour 
is dried before the extraction is made, the effect on the solubility 
is even greater and the difference between alcohol-soluble proteins 
extracted by cold alcohol, on air-dry flour and on dried flour, is 
about 20 per cent. of the total proteins present. Some investiga- 
tors have used, for extracting gliadin, flour which had been ex- 
tracted with ether. If this could be accomplisked without first 
drying the flour by means of heat it might do, but otherwise it 
would be liable to the same errors as the kot extraction. 


EFFECT OF DIFFERENT AMOUNTS OF FLOUR,’ IN PROPORTION TO THE 
EXTRACTING LIQUID, ON THE AMOUNT OF PROTEIN EX- 
TRACTED. 


Osborne and Voorhees in their work used large quantities of 
wheat cr flour and determined the amount of protein by weight, 
after purifying it by fractional precipitation and drying. Taking 
their analysis of the pure proteins as correct and using, therefore, 
the factor 5.68 or 5.7, the amounts of protein extracted in these 
investigations were determined by nitrogen determinations, 
kindly made by Mr. T. C. Trescott, of the Bureau of Chemistry. 
Repeating as nearly as was possible the operations of Osborne and 
Voorhees, and determining the nitrogen in the numerous filtrates 
and residues, calculating all to the basis of the original dry flour, 
the results in Table III were obtained. In the first column are 
the results obtained when relatively large amounts of flour were 
used. In these cases 1,000 grams of flour were extracted with 
4,000 cc. of 70 per cent. alcohol for twenty-four hours, and sub- 
sequent extractions were made, using 2,000 cc. alcohol each time 
until the total amount of alcohol used equaled 10,000 cc. In the 
second column are the results obtained when relatively small 
amounts of flour were used. In these cases 2 to 4 grams of flour 
were extracted once with 100 cc. of 70 per cent. alcohol for twenty- 
four hours. 
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TABLE III.—PROTEIN IN PER CENT. OF TOTAL, PROTEINS. 


Using large Using small 
amounts of flour. amounts of flour, 
Direct extraction with alcohol...............ss000 43.56 47.15 ) 
Extraction with salt solution after preceding hase + 52.66 
extraction with alcohol...................c000 5.98 5.51 
Direct extraction with salt solution.............. 13.54 16.26 
Extraction with alcohol after preceding ex- Lai - 45.52 
traction with salt solution..................06 32.95 ) 29.26) 


Thus we see that the amount of protein extracted depends upon 
the relative amounts of solvent and solute. Several extractions, 
aggregating seventy-two hours, in addition to the twenty-four 
hour extraction, failed to yield more than a mere trace of protein 
when the small amounts of substance were used, whereas when 
large amounts were used, four separate extractions were made 
and the last extraction yielded about 7.0 per cent. of the total 
proteins extracted, and in another case about 1.5 per cent. 


TABLE IV. 
Protein. Protein. 
Percent. of flour. Percent. of total proteins, 

Direct extraction with alcohol... 7.47 ] 56.80 ) 
Extraction with salt solution | 

after preceding extraction with 8.04 r Or.13 

BICOHON sis -cisscssesesseessesanncesnss 0.57 | 4.33 | 
Direct extraction with salt solu- 

RAO Gs acvacccscesuesessas cater cs oaconsies 2.18 } 16.57 ) 


Extraction with alcohol after 
preceding extraction with salt | 
SPMMLIOIN ©. cs =. gta vc swonakaserecesavae 5-50 | 39.26 | 


i. a 
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As is shown by both Tables III and IV, the amounts of both 
the alcohol-soluble protein and the salt solution-soluble proteins 
are different when the wheat is extracted directly and when it has 
been previously extracted with the other solvent. In the case of 
the alcohol extraction preceded by the extraction with salt solu- 
tion, this difference is undoubtedly due to the fact that the salt 
retained in the extracted flour or wheat affects the solubility of 
the alcohol-soluble proteins. When the salt solution extraction 
was preceded by the alcohol extraction, it would seem, that, by 
air-drying the sample after the alcohol extraction, if the alcohol 
had no solvent effect upon the salt solution-soluble proteins, its 
effect would disappear with its evaporation, and we should obtain 
by the following salt solution extraction the same amount of protein 
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as we do from a direct extraction with salt solution. But this 
is not the case, as is seen from Table IV, for we obtain, by direct 
extraction with salt solution, 16.57 per cent. of the total proteins, 
whereas after extracting with alcohol we obtain only 4.33 per 
cent. This can mean only one thing, viz., that alcohol dissolves, 
with the gliadin, a large part of the albumin, globulin and proteose, 
which are soluble in salt solutions. That it does not extract all is 
shown by the fact that extraction with salt solution, after alcohol 
extraction, always yields protein material, usually about 4 or 5 
per cent. of the total. Osborne and Voorhees found globulin to be 
about 5.6 per cent. of the total proteins, and it seems probable 
that dilute alcohol (70 per cent.) dissolves out, with the gliadin, 
the albumin and proteose and leaves the globulin. This is shown 
also from the following data in Table V. In this table are given 
the results obtained from a series of determinations in which both 
the alcohol extraction and the salt solution extraction were made 
directly on the flour, and, also, each extraction was made on flour 
previously extracted with the other solvent. In addition the salt 
solution extract itself was extracted with alcohol in the following 
manner: Alcohol of 95 per cent. was added to the salt solution 
extract in such quantity as to make a resulting alcohol equal to 
7o percent. The precipitate formed was then filtered off and the 
protein remaining in solution in the alcohol was determined. 
TABLE V.—PROTEIN IN PER CENT. OF TOTAL PROTEINS. 


Direct extraction with alcohol, ..<<2.s<c<cesccescceeiseesnsscxsssssevedsateeseesaescs 56.73 
Direct extraction:-with salt: solwtiOttsss.<; sisesssuccocscswccecsacacansuscsdenacceveras 20.80 
Extraction with alcohol after preceding extraction with salt solution... 41.20 
Extraction with salt solution after preceding extraction with alcohol... 4.92 
Extraction of the salt solution extract with alcohol...............::essseeeees 12.70 


In this table, as in Table IV, the results show that direct ex- 
traction with 70 per cent. alcohol dissolves out, not only the protein 
gliadin, but also a portion of the proteins characterized as salt 
solution-soluble, and that this portion may be extracted by 
alcohol, either directly from the flour or from the salt solution 
extract itself. 

From this portion of the work we can conclude, therefore: 

(1) For the proper extraction of the proteins of wheat by means 
of alcohol, cold 70 per cent. alcohol should be used directly upon 
the air-dry wheat or flour. Relatively large amounts of solvent, 
in proportion to the flour, should be taken, viz., 2 to 4 grams flour 
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per 100 cc. alcohol, and the extraction continued for twenty-four 
hours. Either hot alcohol or dry flour gives abnormal results, 

(2) The same conditions of extraction should be observed in 
using the salt solution. The author has found that 5 per cent, 
potassium sulphate solution extracts practically the same as 10 
per cent. sodium chloride and is better in practice, because it 
avoids the evolution of hydrochloric acid gas when digested in the 
Kjeldahl operation. Four to 6 grams of flour are taken per 100 
cc. of solvent and the extraction continued for twenty-four hours 
with frequent or continued shaking. 

(3) In the extraction with alcohol there is extracted, with the 
alcohol-soluble protein, gliadin, a large part of the salt solution- 
soluble proteins, probably the albumin and proteose. Correc- 
tions for such overlapping of the extractions must be made when- 
ever a quantitative separation of the proteins is attempted. 

(4) As recommended by the author, in the Association of 
Official Agricultural Chemists,’ the separation of the proteins of 
wheat into more than two groups, viz., (1) alcohol-soluble, and 
(2) alcohol-insoluble, seems unwarranted, both because of the 
difficulty of making a further quantitative separation and _ be- 
cause of the indefinite value of such separation. 


II. WHEAT GLUTEN. 


The proteid bodies of the wheat grain are especially interesting 
and important because it is to them that wheat flour owes its 
exceptional adaptability to the making of bread. 

Before the proteins of wheat were known or studied as in- 
dividuals it was known that practically all of them were present 
in what is termed wheat gluten. This gluten is obtained by the 
simple mechanical process of washing away starch and soluble 
constituents by kneading a ball of dough in the hand in a small 
stream of water. The residue is a tough elastic mass rich in 
nitrogen and containing the larger part of the proteid constituents. 

The determination of the amount of this gluten, either wet or 
dry, or both, has long been considered as of value in judging the 
character of wheat and flour for bread-making purposes. The 
determination is, however, one in which so many errors are in- 
volved that it seems hardly to be of value as a chemical factor 

1 A. O. A. C. Proceedings, 1903, 1904. Bull. 81, 118, and Bull. go, 121, 
127, Bur. Chem., U. S. Dept. Agr. 
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when the corresponding factor of total proteins, by nitrogen de- 
termination, is so reliable and easy to carry out. 

It is for the purpose of showing some of the errors in the or- 
dinary gluten determination that the following facts have been 
brought together from the results obtained by the author during 
the last year or so. 

It has been admitted by those who have worked on this method 
that differences in temperature of wash-water, its salt content and 
the time and manner of manipulation all have a strong influence 
in varying the final result of the amount of gluten. Fleurent,? 
the most ardent advocate of the value of the gluten determination, 
claims that by using water of a certain arbitrary salt content and 
exact methods as to time and manner of washing, uniform re- 
sults may be obtained. 

It is true that concordant duplicates can be obtained by any one 
after becoming thoroughly acquainted with the operation so as to be 
able toduplicate conditionsexactly. But even though the results 
are concordant, do they mean anything, or if so, do they mean 
more than other more reliable determinations? 

F. A. Norton? has studied the composition of crude gluten and 
the relation between gluten and total proteins, by nitrogen de- 
termination. His results are based on the analysis of the gluten 
itself and the determination of non-proteid material in it. 

The following results are based on an examination of the 
proteid material lost in the process of washing out the gluten and 
contained in the wash-water therefrom. It will be seen that the 
data and conclusions obtained in this investigation are in agree- 
ment with those obtained by Norton. 


THE EFFECT OF PHYSICAL CONDITION OF THE SAMPLE ON THE 
DETERMINATION OF GLUTEN. 


The average of the determinations made on some fifty samples 
of wheat, when simply ground as whole wheat, give an amount of 
dry gluten about 2.31 per cent. lower than the total proteins 
calculated from total nitrogen multiplied by 5.7. If we allow 
for the amount of amino bodies present, this excess of total 
proteins over dry gluten will be reduced by about 1.0 per cent. or 

1 Ann, chim. anal. 10, 129, 195, 238, 276, 309 (1905); Compt. rend. 140, 


99 (1905). 
* This Journal, 28, 8 (1906). 
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less. If the samples worked with are the finest patent flours the 
results for dry gluten will average nearly as much in excess of total 
proteins as the others did below: 


TABLE VI. 
Total 
nitrogenous Amino Total Dry 
bodies. bodies. proteins. gluten 
ROI cacccssuciectontsssssonde [BOF seeises 13.07 14.30 
WPIOPRTCE: <.wscnassiacsesaes isstsss) my | jisesaps: |» -(ceseces + 1.23 
Whole wheat .........<.50. 10.26 1.26 9.00 7.95 
PRONE ng cssewacssadvsoneolpeaisss | UWaesese, oaasas — 1.05 


The amount of true proteid material in the two classes of 
glutens is, however, nearly the same. 
TABLE VII. 


Proteins. 
Nitrogen. Percent. Non-proteins, 
Per cent. (N X 5.7). Per cent. 
Whole wheat gluten ............0..0000 13.11 74.72 25.28 
Patent flour gluten........0......0s000 13.54 7737 22.83 
PA DRUEOR cs5..cvscaesssssedscatcessuveteeer BOG?  <sseles Geades 
VOTRE .sascecuscesscsecesvedets.” wassbs 75-94 24.06 


These facts can readily be understood if we consider the physical 
condition of the material, which makes it easy for a considerable 
loss of proteins, mechanically, in washing out the whole wheat 
so as to wash away all particles of bran, and the corresponding 
smaller loss when patent flour is used, the amount of non-proteins 
retained by the gluten being in one case approximately the same 
as in the other. 

An examination of the wash-water from whole wheat, after the 
gluten has been obtained, shows us where the loss of proteins 
occurs. Collecting all wash-water, after allowing it to pass through 
a bolting-cloth sieve to retain bran, and later allowing the filtrate 
to settle for twenty-four hours until the greater part of the starch 
had settled and the supernatant liquid could be siphoned off, and 
analyzing all these portions for nitrogen, gave the following re- 


sults: 
TABLE VIII. 


Nitrogen compounds Per cent. of the 


calculated as protein. total nitrogen 
Per cent. compounds 
PUCEALS vciv cise cessaszyseceecersescens 2.16 21.23 
: LAME Brivis csancpesncsorss 0.51 5.03 
Residue esi Dsaheaseataanessereaee 1.71 16.76 
ROCA ss coer a cvessecasonane 4.38 43.02 


1 Bull. 70, Bur. Plant Ind., U. S. Dept. Agr. 
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The loss of nitrogenous compounds, calculated as protein, in 
the washing out of gluten is, therefore, equal to 4.38 per cent., or 
43.02 per cent. of the total nitrogenous compounds present. If 
we allow for the amino bodies found to be present, by the or- 
dinary Stutzer method we have, considering that all amino com- 
pounds are in the filtrate from the gluten washing, the following 
results : 


TABLE IX. 
Per cent. Per cent. of 
of wheat. total proteins, 
Proteins in gluten (13.11 per cent. N). 5.81 64.56 
Fultvate:<.....<<0. 0.91 10.11 
Proteins in washings} Starch residue.. 0.51 5.66 34.77 
Bran residue.... 1.71 19.00 
8.94 
Total proteins (Alb. N X §.7)) <.-<000055. 9.00 99-33 


Amino compounds (amino N X 4.25) . 0.93 


WGtal INCOM. -..ca<scecsacecccsascasse 9-93 

We thus see that the gluten is only about 76 per cent. pure 
protein, and that of the total proteins present in wheat about 65 
per cent. is found in the gluten and 35 per cent. in the washings. 

From the average composition of wheat bran and shorts, 
‘».3 per cent. nitrogen), and the fact that they constitute about 
30 per cent. of the wheat, there would be in the bran of the whole 
wheat, not present in flour, about 34 per cent. of the total nitrog- 
enous compounds present. The loss in nitrogenous compounds 
during the washing is, as we have seen from Table VIII, 43 per 
cent., so that, in the washing out of the gluten, there is lost, over 
and above the nitrogenous compounds present in the bran, about 
9.0 per cent. of the total nitrogenous compounds. 

Also, we see that in the gluten there is, calculated as per cent. 
of the total proteins, about 25 per cent. (Table VII) of non- 
proteins. The difference between the proteins lost in washing, 
35 per cent., and the non-proteins present in the gluten, 25 per 
cent., is, therefore, the absolute difference between the total 
proteins and the amount of dry gluten. This is equal to about 
10 per cent. in favor of the total proteins, making the dry gluten 
less than the total proteins. This agrees practically with the 
Statements in the preceding paragraph. When gluten determina- 
tions are made with flour, however, the loss in bran is nothing 
and the only loss is in soluble amino compounds, which is so small 
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in amount as to be practically negligible, and in dissolved and 
mechanically lost particles of protein, so that the non-proteins 
in the gluten more than balance the loss of proteins during the 
washing, and the dry gluten will equal or usually exceed the total 
proteins calculated from total nitrogen. Another table showing 
results of a later series of determinations gives practically the same 
conclusions, though the figures are not exactly the same. 


TABLE X. 

Proteins in per Proteins in per cent. 

cent. of wheat. of total proteins, 
GAG oo sisirssic saci sa vdesaasneeaenseases 5.41 59.32 
PUPAL O SS cscseccscscsseecencvsoveeceeses 2.05 22.47 
StaKCh TESHAUE, «...cs0scssccessesseaees 0.63 6.91 |. 
BEANHESICUE osi0caccacssvesssoscassesse 0.91 10.00 

9.00 98.70 

Total protein (NX 5.7) «00.0008. g.12 


The determination, by the extraction method, described in 
the preceding part of this paper, of the amounts of the different 
proteins present in whole wheat, gave as the average of all the 
samples represented in Tables IX and X the following results: 


TABLE XI. 
Proteinsin per Proteins in per cent. 
cent. of wheat. of total proteins, 
Salt solution-soluble proteins..... 2.16 23.68 
Gliadin and glutenin................ 6.96 76.31 


Comparing Tables IX, X and XI, it will be seen that, calculated 
as per cent. of total proteins, about 15 per cent. of the proteins 
gliadin and glutenin, which are the true agglutinating proteins 
of wheat, are not accounted for in the gluten; and, that, on the 
other hand, there is present in the washings about 15 per cent. 
more protein than is represented by the salt solution-soluble 
proteins of the wheat. 

This means that there is lost in the operation of washing out 
gluten about 15 per cent. of those proteins of which gluten is 
composed. 

The following conclusions seem justified from the preceding 
facts: 

(1) Dry gluten is about 75 per cent. proteins and 25 per cent. 
non-proteins. 

(2) Of the total proteins present in wheat about 60 to 65 per 
cent. are present in the gluten, and about 35 to 4o per cent. are 
lost in the washings. 
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(3) The balance between the non-proteins present in the gluten 
and the loss of proteins in washing, makes gluten determinations 
agree roughly with total proteins calculated from total nitrogen, 
but they will usually fall below with whole wheat and above with 
flours. 

(4) The amount of total proteins present in gluten is about 15 
per cent. less than the sum of the gliadin and glutenin determined 
by extraction of the wheat, and the loss of proteins in washing 
out gluten is more than equal to the salt solution-soluble proteins. 
Therefore, the loss of proteins, in the determination of gluten, 
is at the expense of gliadin or glutenin, the true gluten proteins 
of wheat. 

(5) On account of these losses and errors it would seem that 
the determination of gluten is not able to yield any information 
that cannot be gained either from the determination of total 
proteins or that of the alcohol-soluble and insoluble proteins. 


——__ —— —_ 


NOTE. 
Two New Wetghing-bottles.—The weighing-bottles described 
were devised by the writer some time ago and have been found 
useful by some of his colleagues and himself. The advantages 
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of a weighing-bottle with a light cap stopper (Fig. 1) ground on 
outside are various. In weighing by difference nothing can stick 
to the ground surfaces, and hence several portions can be weighed 
out successively without the ground joint having to be cleaned, 
as is necessary with the ordinary form of stopper. This is of 
particular advantage in the case of hygroscopic substances, and 
also prevents the stopper from sticking. When weighing a filter, 
this can project up to the top of the weighing-bottle and com- 
pletely fill it. Further, no dust can accumulate between the 
ground surfaces, and the bottle is easily wiped clean. This 
weighing-bottle may be obtained in various sizes from C. Desaga 
in Heidelberg, and from Messrs. A. Gallenkamp &Co., and Messrs, 
Muller, Orme & Co., in London. 

The second kind of weighing-bottle (Fig. 2) is of use in drying 
substances to constant weight in a current of gas, or in deter- 
mining water of crystallization, etc. The bottle is heated to the 
desired temperature in a small air-bath, formed of a large porcelain 
crucible covered with a piece of asbestos board suitably per- 
forated, and a current of dry gas, if necessary, hydrogen or nitrogen 
is passed through. These little ground-in stoppers to the gas entry 
and exit tubes close the bottle tightly and are very convenient. 
They were introduced by Dr. R. J. Seligman, and are also ex- 
ceedingly useful for Geissler’s potash bulbs, and for calcium chlo- 
ride drying tubes, and as the ground joint is inside, there is no 
danger of bits of rubber tubing adhering to the outside of the 
glass tubes. LEO FRANK GUTTMANN. 


NEW YORK. 


NEW BOOKS. 
THEORIEN DER CHEMIE ... VON SVANTE ARRHENIUS. ¢~« UEBER- 
SETZT VON ALEXIS FINKENSTEIN Leipzig 1906 

This book of VII+177 octavo pages contains a translation of 
a course of lectures delivered at the University of California in the 
summer of 1904. The author had long desired to prepare an 
account of the development of chemical theories, moved thereto 
by the fact that recent additions to the science are sometimes 
regarded, both by their adherents and by their opponents, as 
something entirely new, with no root or germ in the past; as being 
the more admirable the more independent they are of the older 
chemical theories. He hopes to show that in the newer chapters 
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of theoretical chemistry, the older doctrines have attained a con- 
sequent and necessary extension, by the same path as that by 
which the science has made its advances fora century. Scholars 
who desire to pull down recent additions to the chemical edifice 
will learn, thinks the author, that their success would involve 
in ruin the adjacent walls of the older structure, a result which 
these scholars regard as neither desirable nor possible. Arrhenius 
asserts that the material and the workmanship of the chemical 
builders of the day are worthy of Boyle and Lavoisier and Richter 
and Dalton. In details, methods of workmanship change, for 
better tools are available; and in details, the older parts of the 
edifice undergo an almost unconscious architectural restoration, 
which brings their aspect into perfect harmony with that of the 
newer additions. 

The great facility with which this adjustment of the older 
doctrines of chemistry to the more recent takes place is asserted 
to be the best evidence of the soundness of recent ideas, and the 
lecturer hopes to prove that the more recent developments of 
theory sustain this test. 

The pages of the little book are readable, suggestive, clear. It 
would be hard to produce a more valuable short account of chem- 
ical theories. The sense of proportion shown throughout is well 
illustrated by the fact that electrolytic dissociation is treated in 
less than one-tenth of the whole number of pages. 

Even when chemical theory shall have outgrown this treatise, 
it will still be a valued record of the course of thought pursued by 
the discoverer of the theory of electrolytic dissociation. 

Epwarp W. Mor Ey. 


THE INFLUENCE OF MOLECULAR CONSTITUTION UPON THE INTERNAL 
FRICTION OF GASES. By FREDERICK MALLING PEDERSEN. Disserta- 
tion. 1906. New York: D. Van Nostrand Co. 

After an extensive historical review, the author describes a 
simple form of apparatus for determining the internal friction of 
vapors at 100°. At this temperature the coefficient of friction 
was determined for ten ethers and from the values thus found the 
author calculates the molecular volumes by means of the formula 
of L. Meyer. These molecular volumes agree roughly with those 
calculated by Kopp’s method, but while the latter method gives 
identical values for isomeric ethers, the molecular volumes calcu- 
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lated from the coefficient of internal friction were found in al] 
cases to be greater for the normal propyl than for the isopropyl 
ethers. G. N. Lewis. 


KURZES REPETITORIUM DER ORGANISCHEN CHEMIE. Fiir Studierende 
bearbeitet von Dk. KuRT DAMMANN. Freiburg in Breisgau: Herdersche 
Verlagshandlung. 1906. (B. Herder, agent, St. Louis.) 1—xiii+256 
pp. Price, $1.25 net. 

As its name implies this book contains condensed statements 
of the more important facts in organic chemistry. ‘These are 
arranged, both typographically and as to descriptive matter, in 
convenient form for students preparing for an examniination in 
the subject. The book does not purport to be a text-book and, 
consequently, the author contents himself with giving as briefly 
as possible the general formula, methods of preparation, and 
characteristic reactions of the different classes of organic com- 
pounds. In small print are given details concerning the im- 
portant members of the various classes. The compilation has been 
well done. The convenient size and shape of the book, which 
can be carried in the pocket, the simplicity of its arrangement, 
and the fact that the material which has been inserted has been 
selected with discrimination, will make the book of value for the 
purpose for which it was written. J. F. Norris. 


THE CYANIDE PRocESS. By ALFRED S. MILLER. New York: John Wiley 
and Sons. 1906. Price, $1.00. 

Much has been written describing the cyanide process and its 
chemistry, yet there would seem to be a place for just such a 
little treatise as that here presented. 

The first two chapters contain a general description of the 
process and the elements commonly met with in gold and silver 
ores which interfere with its successful working. Chapter three 
contains the chemistry of the process, methods of analyses and 
instructions for the proper control of the process. 

Chapter four includes methods for the determination of the 
applicability of the cyanide process to the treatment of an ore. 
Chapter five includes suggestions relating more particularly to the 
practical operation of the process, and the book closes with a 
chapter briefly describing some of the numerous modifications 
of the process patented, and otherwise. 

The book is well printed and illustrated. The style is simple 
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and accurate. The writer has, as is indicated in the preface, 
succeeded in writing a ‘‘compact” and ‘‘to the point” book. 
Wm. Hoskins. 


THE BECQUEREL RAYS AND THE PROPERTIES OF RADIUM. By R. J. 
Strutt. New York: Longmans, Green & Co.; London: Edward 
Arnold, 1906. 8vo. Second edition, viii+215 pp. 

The new edition differs but slightly from the first, which ap- 
peared two years earlier. A number of eliminations and additions 
have been made in order to bring the book into accord with more 
recent views; the size of the volume remains unchanged. A few 
misprints and erroneous or objectionable statements persist from 
the first edition. Thus, it is stated, p. 29, that thorium has the 
heaviest atomof any known element. On p. 67, the velocities of the 
cathode rays as given in the table should be multiplied by 10°. 
On p. 30 we read “‘for, if there is any scientific doctrine which is 
established by experience, it is that the amount of energy in the 
universe remains strictly the same at alltimes.’”’ This oft-repeated, 
extravagant substitute for the first law of energetics is neither 
“scientific” nor ‘‘established by experience.” It is purely a 
transcendental, metaphysical dictum. The reviewer’s high 
opinion of the book was fully expressed in the review of the first 
edition.' HERBERT N. McCoy. 
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